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INTRODUCTION 



The current status of mathematics teacher education \s largely the effect of 
the past, especially the recent past since about 1960; and the fujture will be 
affected by the concerns of the present-performance-based teacher education 
V (PBTE), competency-based teacher education (CBTE), accountability, basic skills, 

declining test scores, tests of minimal competencies, etc. Projections for teacher 
I Jgfy^atipn programs in mathematics must clearly address these effects. 

•^•'^ . : Mathematics teaching today faces the future with little real certainty of its 

* V ; J goals.^d little optimism concerning its potential effectiveness; this bleak outlook 
i^. " "Z ^ resulted largely from the lack of hard research data as a basis for making deci- 
' • «' ■ siohs. It is not surprising that in May 1 974 the Conference Board of the Mathe- 

matical Sciences appointed a National Advisory Committee on Mathematical Edu- 
cation (NACOME) to prepare an overview and analysis of U.S, school-level math- ' : 
ematical education including its objectives, current practices, and attainments. 
- The. resulting document, the NACOME report, Qapitalized upon, several current 
nV| nationwide' research projects and clearly has significant and far-reaching implica- 

tions for mathematics teacher education iat all levels: It provides the central theme 
• . ^ or core for Mathematics Teacher Education: Critical Issues and Trends. A priori' • 
. '^"owledge of the NACOME report is not a prerequisite fdr reading this publica- 
tion, however, .since the chapters contributed are directed at Selected issues and 
are not intended to be reactioins to the report • ' 

. •. / ' ; - - 

The initial chapter, "Mathematics Teacher Educatibn»An Overview in P^- 
spective," is. included to present a re5<jarch-supported discusVoriotsevferal'tim^^ \ 
\ topics facing njathematics educators. These issues are by no ipeans intended to-be - 
exhaustive and, in a sense, they are level-free. With this foundation, a ge;ieral dis- 
cussion of mathematics teacher education foUows and concludes with the specific 
, pre-service and in-service teacher training recommendations of the NACOME 
report. ' / j 

Kathryn Castle prepared thejchapter ' entitled "Suggestions for Kindergarten ~ 
Mathematics Teacher Educatio^' Reflecting expertise in early childhood educa- 
tion, she has provided an overview of kindergarten teac^er education foUowed by 
some suggestions for teaching- mathematics and logic in the kindergarten. The 
tlieme is that teacher preparation in mathematics has been neglected at the kinder- 
garten level. A d5ncen,tration on the social transmission ofmathematics facts has. 
.failed and will confuiue.to-«il to produce indivi<^uals capable of.thinking in new 
. ways and inventing new -solutions to problems which Will confront' us in the 
fiiturp. Kindergarten mathematics programs and" teacher education programs are 
required that stress the need to capitalize on the child's intrinsic motivation to 
learn mathematics concepts and to facilitate the developAent of the. capacity for 
logical thought. . » . 

\> ■ ' 

John Mihalko has documented his many years of classroom experience in - 
the. chapter, "The Answer to the Prophets of Doom: Mathematics* Teacher 



Education." He presents a brief overview of the era of "new math" and then dis- 
cusses math anxiety, individualization, and learning theory as they relate to math- 
ematics teacher e.clucation. 



Frank Rogers, a consultant in mathematics in the Lansing Public Schools, 
prepared the chapter, entitled "Specifications for the Training of a Teacher of 
General Mathematics in Junior and Senior High Schools: A Recommendation of 
the Michigan Couricil of Teachers of Mathematics Directed tp the Teachof Train- 
ing Institutions of Michigan." Teacher training in mathematics requires, and will 
continue t(j require, many more ^hpurs of clinical experiences, many more 
hours of on-the-job exposure to real students at the grade levels that pre-service 
students.'dre preparing themselves to teach. This chapter includes/specific sugges- 
tions as to how these clinical experiences can be structured and/wher^ the^JClass- 
room })ours in pure mathematics classes can be rearranged to^alce time^for them.' 

' ^ Karen Skul^t's chapter, "Comments pn a K-12 In-S^^rvice p^urs^," is a 
description d ^fef grgguate in-service workshop offered at the State University Col- 
lege 'of Arts^i^lJ l^fience in Geneseo,^ew Yoric, in which el6menj?iry an(f^seis;0nd- 
ary teachers ;&xf>ldre concerns and* issues they share rejgarding ^the teaching of 
mathematics. • ^^^^ # ^ ' / • 

Earl Hasz developed the chapter, "ThI Crban-Bpund Mat^ematicsir^acher." 
His focu^ is on the secondary mathematics teacher eduq^ti(^g curritulumjat Metro- 
politan State College in Denver and its raison d'etre: 

" . •■■-/• V ■ ^ • \^ ■ 

; The experiences dnd current activities of the panel of contributors are clearly 
different and diverse, thereby providing the r^der-with'a variety of posifionsto 
consider. We hope that the overviews, ppsition papers, and program descHprions 
presented in Mathematics Teacher Educatic/n: Critical Issues and Trends con 
ute to a more objective base fbr making decisions in mathematics teacher education. 

. ■ • / . ' . ,. 

" ' • ■ ' ■ / ■ ■ 

/ DOUGLAS B. AICHELE 

/ ■ / , 
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If we were to t# ro give a scouting report on tlie current status of mathe- 
matics teacher education, I suppose we would have to conclude that it is largelj^ 
the effect of the past, especially the recent past sywe about 1 9'60 ; and the future 
will be affected by the concerns of the present^p^TOrmance-based teacher educa- 
tion (PBTE), competency-based^ teacher education (CBTE), accountability, basic 
skills, declining test scores, tests of minimal competencies, etc. Projections for 
teacher education progra^K'^imUthematics clearly must addresis these effects. ^ 

One of the problems in" confronting any* of these areas, however, concerns a 

• real lack of hard research data; For example, let's cpnsi3er tljte mathematics cur- 
riculum. We cannot seem to gain consensus on the geometry curriculum, or, more 
generally, on exactly what mathematics should bj taught in American schools. If, 
as mathematics^ educators, we cannot seem to agfee on the content to be taught, ' 
how then can programs be designed and supported^to prepare mStli^atiQ3 teach- 
ers? Quitq clearly, this question is notjair as it does not relate the■who^?^story. 

• It-does depict, however, concerns J:hat parents, legislatprs, anfi the public entertain 
in general as they extrapolat^^&om their owlwi^athematical experiences \o those 
ot their offlspring, patrons; and friends.. - - *^\' 

It is impossible to consider the issues of mathematics teacher, education in 
isiolation. We must realize that the discipline of mathematics, a^ percreivecj by the 
public and mathematics educators alike, has undergone some very real criticism 
recently; an(J this ^criticism -alone has)had extreme negative ^plications. During 
the era of "new math^" mathentetics educa^rs assumielf a pro-active po^^ture. 
There was a tremendQUs spirit ; that reflected^ curriculum development supported 
largely by state and federal Agencies; there was little research^cpndiidted to assess 
and justify these curriculum proposals and their influence on ther mathematical 
development of American youth as a Whole. This flurry o^ activity was overactive' 
in some respects attd ^perhaps reflected an overemphasis on such dimensions as 
•symbolism, vocabulaiy,. and abstraction. It is also true that some of the less desir- 
2(b)6n)y->roducts of the "new^math" era have been presented to the public in a' 
negative manner and have been erroneously generalized to all df mathematics. 
Mathematics historically has been thought difflfult, uninteresting, and perhaps 
sierile by many people. So what was. new iji the 1960s? What was new was that 
parents and the public in general were unable to understand, much less help-their 
offspring with^ the mathematics being taidght in schools -/furthermore, in addition ' 
to anxious parents, there were anxious, teachers! It is no wonder that the result 
was some pretty anxious students? Are today*s citizens supporting the anxieties 
they experienced as students durjng the "new math" era? <^ ^ 




\ 




^ In May 1974 the Conference Board of the Mathematifial Sciences appointed 
a National Ad\as6ry Gojhmittee on Mathematical Education XNACOME)' and 
direfcted the committee to prepare an overview ancl analysis of (jLJ.S. schooHevel 
mathematical education including objectives, current practices, and aftainments. 
Th'e composition of the cofnmittee was extrjemely diverse with present activities 
of the membership spanning classroom teaching pf mathematics from eleijientary 
^grades through graduate school,\mathematicaI research, pre- and in-serviSfe teacher 
education, .curriculum development^and implementation project^, supervision vof 
curriculum \and instructioii, and evaluation of. programs in school matheinatics 
and teacher education. The activities of committee members also reflected experi- 
ence in rural, suburban, ai«f urban schools from across the^ United^ States and 
several foreign countries. The final report, of the committee, the NACOME report 
(9),Syas released in 1975. One of its recoijimendations. speaks explicitly t6 the 
issue. pf th& "new rria,th" era and sets- the stage for the future.* ' • . 

, Jn the creation, introduction, and support' of rnathematics programs, ^ 
neither teachers, educational administrators, parents,^ nor the general 
'\ public should allow themselves to^ejitanipiji^ ^ 



between^ ^ 

the old and new m mathematics 




) J — .-^ . / / 

^/skills and concepts ' jr 

the concrete and the abstract 

intuition aitd'formalisrri 

structure and problem-solving 

dinduction and deduction 

" "ir 

The cdtrmof every mathematics prograrfi\ should contain^ a ^judicious 
com})tfmtion of both elements of each pair with the balance,, proportion, • 
and emphasis ^between the two being determined by the goals' of the U 
program and by the nature, capabilities and eircumstances.qf the stu- ' 
dents and teachers in the program.- , 1 . ; 

' Furthermore, littte is communicated by polarization of positions 
aboutterms and slogans that have long since ^ost agreed-upon meanings. > 

Therefore, we recommend the term "new math " be limited in its use to " ^ 

^ describe the multitude of mathematics education concerns and develop-. i- 
VV rnents of the period 1955-1975 and that t^fenen^tb cut} em ixftool 
mathematics, ' its status, its trends, and its prpblerhs^be made oj^ly in 
such common-noun terms as the "present mathematics program,'* "cur- 
^ rent school^matb^matics, " "contemporary mathffnatics teaching, " etc. 
(9:136-37) • ' . ' 

Discussions related to cjTaracterizing «<aewj m^th" no longer exist as they did at 
one time. Professional '*meeting^^o longer suppx)rt sessions- related to the topic; 
the times are filled with discussions^of other scapegoats such as basics^kills, tests 
of mii^al competence, and tfie metric system. Hopefully, we haye learned some- 
thing from the ";iew math" era, and consequently we will be better able to enjoy 



increased public credibilitySlargel^ as a riisult of communicating our positions on 
/future issues accurately andloAjectively to the public at j^ge. If hot, the future" 
■ will probably turn into a seqVhce of disasters which would make Alice in Won-^ 
^ der/flfwc? appear a realil^, , v ^ 

^ Release of the NACOME reportSnaa75 was timed to take advantage of the ^ 

results of the fiist assessment in mathematfts (1972-73) of the National Assess- 
ment of Educati^al Progress (NAEP), a survey of course offerings and enroll- 
ments in public secondary schools during 1972-73 "5f the National Center for 
Educational Statistics (NCES),.a pubhshed survey in 1975 of the American Insti- 
tutes for Research (AIR) entitled Computing ji\ctivities in Secondary ^Education, 
and a survey su^fiported by the Association of ^te Supervisors of, Klathematics ' 
(ASSM). These documents provided a sound 'S^is from which a report could 
evolve and perhaps represent a benchmark for the future! 

■■ ♦ '■'•/■ rS' ■ 

Basic Skills and Tests of MinimaJtComMtence f ^ . ] 

An is^Ue spoken fo in the NACOME report which is much discussed today 

/ concerns the "basic skills." The rep<m recommends 

. . .... ■ ' ^ * ' . ^ . ■ - ' ■ 

* . ■ ♦ ♦ ■ 

that ej^ery child is entitled- to the mtheniatical competencies necessarf 

. for daily living^ today civilization, bul the concept of "basic skills" ^ 

^ essential to the consumer and the citizen [should J be defined to include ^ 

\ more than computational skill-also abilitie^ to deal'^telligently ^ 

, . , statistical information, to reason logi(:ally and think critically. (9:1 3^7j 

Very ^w would ^isagree y^thN^he spirit of this statement f the problen/^however^^ 
is that many ihdividuals pfe^ceive the gen^l "basic skills" issue as the vehicle for 
getting to the larger is^ue of "tests of mlmmal competency." Ope^mijght legiti- 
mately ask, *|Are there basic skills jof m^JJieiMtics?" If s3, what are they? Initially, 
the task of enumerating these "basic sloUsT^uming they exist,-does not appear 
to be such a difficult undertaking. However, a^the results of the Bpclid Oonfer- 
ence on Basic Mathematioa^JSkills and Learning (1) clearly showed ^t is difficult 
(perhaps even Tutile) to^-^ri con^ensus'^on just what constitutes basic skills in 
^ mathematics. ^ . . 

; Now, taking the isslie one sfep further, school districts througl^ 
try are currently involved in' assessing basic mathematical skills ^d'then using ^ 
these assessments to develop teits of^minimal competence which liliimately will 
be used* to identify students who have not developed the^ basic mathematicSl - 
^ -skiUs--wh'atever those skiUs are. How did we ever get 1^^^ 

ation? It probably happened because we dlowed some form df very narrow defi- 
nition , of basdc skills to equa{« competence ii^ mathematics with aBility to per-^ 
form mathematical computations^ i la .the "four basic operations." And this 
• resulted from the media's misrepresentation of such forces as dedining standard- ' 
ized test Scores and college entrance examination scores, reactSns to the results 
of the National Assessment >of Educational ,Pipgre^ rising co^of education and ^ 
the accountability movement, antf trends in mathematics Education emphasizing 
instructional methods and alternatives rather than curriculum consent. 



THe lack of c^iffphsus resulting .fron^ the Euclid conference by no meaias 
^ went unnoticed. Evm though any attempt to gain universfat agreement ot^^^ 
set of basic jnatl\ernatical skills is ddomed,^he*m*tempt to identify such skills can- 
be belpfpl to. teach efsV\ parents, and-the public. The process of interacting ideas : 
anjj attempting to describe "basic skills" in light of pa3t attempts^^nd then assiin- 
ilating the^resyhing'ide^ is a worthwhile undeltl^ng. It illustrates the extreme 
, difficulty of the probleiii. and rev^alj'^that what is "bas^c" today may not be 
"ba^rfc^^ One organize^ response^ t<l the resiM of the Euclid- con ferr^ 

^erip capie^^pi^e Nat Council of Supervisors of Mathematics (13). Their 
pomiori papBr did noit take a stand on the issue concerning testfiig minimsi'com- 
petenciefs as a determinant fdr High -school ^graduation. Instead, they identifi^ 
ten components o'CJ^c skilli^ th4t could serve as guidelines for state and loca^ 
schpcd systems colHRering the^ estabUsl^ minimum essential graduation^ 
fequirelnents. Th^se are:^ ^ " . . ' ' 

. L \ProblerA Solving 

' ; Learning tq^solve problems is the principal reason for studying maHi- 
' ernatics. hoblefn solving js the process of applying previously 
■ ' \ Required kno^tdge to new and unfamiliar situation^. Solving word 
problems in test^ is oneform of fjroy^ solving, but students also 
should be faced with mS^t^textbopk problems. Problem-solving strai- 
■ . / ^gies involve /pdsing questions, analyzing situations, translating 
' /esuifs, illustrating results; drawing diagrams, and using trial and 
' ' ^ errors In solving^problerns, students need to b^. able to apply the 

* rules of logic n^ssary to^arrive at valid conclusions. They musfcbe 
\ able to determine wfhch facts are relevant. The^ should be unfear- 

ful of arriving at ieMative ^conclusions and they must b^wiilptg to 

• -street these concjusiovis to scrutiny} y 

2. Applying rmthefTtatics to everyday situations . 

The use of rruitheTrmtics is interrelated with all qoTpputation activi- 
ties/ Students , should, be encouraged to take everyday situations, 
trar^late' them into rriat^einatical expressions, solve the mau^emat- 
ics, and interpret the results in light of the initial situation. 

3. Alertness to the redsonabler^ss of results . * 

• ■ ■ ■ k... ' . ■. ■ 

DueJo arithrnetic errors orpther mi^kes, resultsi of mathematical 
work are sometimes wrong^ Students should learn to inspect all 
results and to check for reasonableness in terms of the original 
prc^lem. J^ith the; increase i^^^ of calculating devices in 

socfety- this skill is essential. ' ^ 

4. Estimation and approximation 

^Students should be able to carry ^ut rapid approximate calculations 
by firsi rounding off numbers. "They should acquire some simple 




, techniques for estimating quantity, length, distance, weight,^ etc: It 
is also necessary to decide when a particular result is precise enough 
for the purpose. at'hand. ^ 

•5; Appropriate computational skills * > . ^ . ^ 



Stuctents should gain facility with addition, subtraction, mi^tiplica- 
tian/and division with whole numbers and decimals. Today it m\ist^ 

recognized that long, complicated computations will usually be / 
done with a calculator. Knowledge of single-digit nurnber facts Hs ^ 
essential and mental arithmetii is a valuable skill Moreover, thete \' 
are everyday sititations which demand^ recogt\ition of and siviple y 
computations with common fractions; • ^ ' . ' ^ 

Because consumers continually deal with many situations that 
involve percentage, the nbility to recognize (tnd Use percents should 
be developed and maintained. 

- . , • , I ^ - ■ ^ , ■- > , 

6* Georfletry' ' . - • ' 

V ■ -:; ^ v.^^ ' : ■ 

Students shoul(i learn^ thie geop^tric cojtc^^ will need to- 

f\inctk>n effectively in the S-di^ensional world. They should have 
' Urh^ledge of concepts such as point, line,- pl^^^ 
penalciilar. They should know basic properties of simple geometric'^ 
figures, particularly those properties which ^^^^^ • 
and problem-solving skills. They also must be,abiie to recognize simi- 
tdrities and difference^ among dbfeQt^: f \ V ' ^ / v 
' . / - • ■' ' '■/■■.;■;'.'" ■ ■ .■ ■ . 

7, Measurement . / • •* " 

\4s a minimum skill, students should be able to 'measure distance, :^ J 
weight, time, cqga^ity, and temperature. J^easuremen't of angles 
and calcinations of simple areas and volumes' are also essential.^ 
^^Students should be able to perform measurement 'in both metric 
^ and customary systems using the appropriate tools. 

8, Reading, interpreting, and constructing tables, charts, and graphs 

' Students should know how to r^ad^and draw conclusions from 
^ simple tables, maps, charts, and graphs^. They should be able to 
condense numerical information ii^tb more manageable or mean- 
ingful terrhs by sming up simple tables,xharts, and graphs, \ 

9, Using mathematics to predict ' ; 

Students should learn how- elementary riotiony of probabiM^^ 
used to determine the likelihood of future events. They should ' 
"^leam to id^ntifSf situations where immediate past expei^ence does , 
not affect the likelihood of future evert^. Thejy should become 
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familiar^ with ,h'o\^ mathematics ft usecr-to helpynake predictions 
such as'^ledRbn /ofecdsis. ' » • ^ >. ' • 

10. Computer Oferacy . V » • ' ^ 

, Iti is Jmporltaht for alt citizens ta understand what compH^ers can 
and cannot do, StiUierifs should beware of the mctkf uses bf com- » 
. » putewi in socihy,\su^ as their use in tepchihg/learning, financial, 
transact ions ^arid^ in form_ation storage and retrjkval Tffe "mystifiue** 
surrounding coffipUferii (y, disturtfingL and can^put persons with no-' 
- • * iindefsiandifig of fpmputeh at a disadvantage, The'iincreasing use 
of tomputeri by 'government, industry, and bitsiness demands* an 
awareness of cartiputeiAises and limitations, (13:2-0) ' \. 

Orice again, it ijs importartt to remeniber that the, skills held as basic by our 
society today are likely to change in^the future. The dual systems of meastirement 
with us today (English and metfic) will probably not be with us in ten years; the 
role /of hand-held calculators arid . computing devices will greatly influence the 
manner in which problems will be solved and the very nature and type of prob- 
lems considered. We cannot afford to fall into the trap of believing that basic 
skills are static and will not^change with time and technological advances. 



Some rather njonumenial. curriculum recommendations were**also presented 
jn ^the NACOME report. These recommendations appear to be reasonable aijji. 
rather essential features of a^contempofary mathematics curriculum. 

1? That logicil structure be mointainedjts a framework for the study 
A of mathematics, 

\ ' V . . ^ 

2. . That concrete experiences be an integral part of the acquisition of 

abstract ideas. . 

3. That the opportunity he provided for students to apply mathemat- 
ics in as wide a realm^as possible— in thesociatand rUtiwal screes, 
in consumer and Career relqted areas, as wejl as in any real life prob- 
lems that can be subjected Ito mathematical analysis. 

4. That familiarity with symbols, their uses, their formalities, their 
limitations be developed and fostered in an approprl^ly propor- 
tioned manner.^^ 

5. Thit beginning no later than the^ end of the eighth grade, a calcula- 
tor should be available for each mathematics student during each 
mathematics class. Each student should be permitted to use the 
calculator during all of his or her mathematical work including 
tests: 



6. That tHe recdmmendations of, tfie Conference Board of the Math- 
^ ematical Sciences 1972^ com^ttee regarding compftters^ in second- V 
ar^ school cymt'ula implemented, ^ • ' ^ 

" ' It ^ ' 

. * NACOME especially underlines recommendations: " 

-/Aflf all students, not onl^ able students, be affofgled^he qppor^ 
'l^ ^ tuniiy to pa/tieipate in computer science courses, 

* -that' school use of computers be exploited beyond the ro. of 
coqtputer assisted imiruction or comf^ij^r managemeiit systems, • 

- -that yomptiter' lite^ity** courses invoke student- "hands-on"' / 
experiences using computers. / ^ \ ^ 

' t ' * ^ 

,7. . 77?fl/ aOs^hool systems give serious at tent id n ta4m{}lementatiqn of 

: ' the metrtirsystem in fnf^asurement^insiructiQn an^^ f. 

examine the current instruction sequences in fractions and decimals 

fo fit the new prio/ities. . • ' 

\ 8. ^hat instructional units dealing with statistic^ ideas \be' fitted 
^throughout the elementary and secondary, school curriculum 
(^^48^39) ' \^ 

Several of these recommendations stress issues that are not new to mathe- 
matics 'educators, e.g., logical structure of mathematics, using concr^ete experi- 
ences to acquire abstract ideas, symbolism in moderation, and application of 
mathematics presented in a variety of settings. Positions on calculators, computer- 
literacy, statistics^and the metric system are necessary as these issues are already 
very real. These recommendations provide us with a basis from which w| can 
exercise leadersMip in the direction deemed most. appropriate. 

National Assessment of Educational Progress 

One*of the forces mentioned earlier that has tended to have a negative iifflu- 
ence on recent develofiments of school mathematics is media^publicity given to 
selected results from theM^TSjeports of the National Assessment of Educational 
Progress (NAEP) (10, 1 1, 12). As a result of testing done during .1972^73, these 
reports describe achievement of 9, 1^, 17 year olds, arid young adults aged 26-35 
in fifteen, content strands at six levels of behavioral complexity. The content 9f 
the assessment was evaluated -as appropriate for American schools by scholars, 
lay persons and ediwSatorS. Qearly,' this fiist assessment doeS not provide all the 
answers. It does, howpver, identify topics irf the curriculum that should be given 
increased emphasis. Furthermore, the particular results on the computation part 
of the assessment do not support the allegations that basic skills seriously deteri- 
orated during the "liew math'* era (9:118). On the other hand, tfte reports sug.- ' 
gest that the curriculum should reflect more attention to the basic concepts 
related to measurement and problem analysis (9: 118). 



It would ba impossiblfto review a}l of the findings of this- first assessment. 
Un[ortunatQly, the results of such studies too^qffen go unnoticed. I stmngly sug- 
^st that as mathematics departments within school districts cont^mplate^ipurricu- 
lum revision they\itilize these NAEP results. This would help to eliminate some 
of the negativfei comments frequently espousecl by secondary* math^emntics teach- 
ers related to me" pogr job their counteiparts are doing at 'the middle school or 
junior high schiol level; it woul^ ^so provide some hard research data in support 
of curriculum revision. Knowledgp of these results is not resected to public 
T<:hooi teachers. -Quite the contrary -these results provid^the most current anaiy-* 
sis ail|l dciicription of the mfltht/^nati* > abilifips a a cross-section of Ameficans. 
Mathen\atigs eduqitJ^rs at all levels shcytUd be t^niliar with them and .be eagerly 
awaiting the reports o/ the second assessment. ' 

Scholastic Aptitude Test S9ore Decline > 

Another liegative force mentioned earlier was media publiftitygiven to declin- 
ing stand^dized test scores and college entrance examination scores Suriqg the 
past two decades. The causes fox the decline in the performance of eritering-col- 
iege students on the Scholastic Aptitude Test (SAT) were studied by a panel 
appointed in 1975 by the CoUegje Entrance Examination Board (CEEB). This 
panel, under th€ chairmanship of W^lard Wirtz, made its report available in August 
1977 (2).' Briefly, the SAT has been used for over fifty yiears^ help determine ^ 
high scllool students* preparedness for college. The test includes two parts, Verbal 
and Mathematical, each computed and reported separately on a scale of 200-800. 
The mathematical portion measures students* problem-solving ability in three 
areas-arithmetic reasoning, elementary algebra, and geometry (2:3). In 1952j^the 
SAT-Mathematical average for all test-takers was 494 (2:6). These scores remained 
relatively stable for the period 1952-63 althqugh a slight increase was reported in 
1963 when the average was up 8 points to 502 (2:6). The decline began in 1964 
on both the SAT-Mathematical and SAT-VerbaL It remained relatively gradual 
until about 1970 and became sharper after that, especially on the SAT-V^fe|al. 
The past two. years have suggested a possible leveling out;t^ SAT-Mathematical 
in 1^77 was 47 1 for all test-faker5 (2:6). ^ . ' \ ^ 

The. panel concentrated on the period 1963-77, observing a decline oFSl- 
points on the mathematical portion and 49 points on the verbal portion. In te/ni§**^-^ 
of standard deviations, the decline in scores means that only about a third of the 
1977 teskakers did aS'Well as half gf tho6e who took the SAT in 1963 (£:5). It is 
Very jdifficult >to determine precisely Tiow much worses students are doing now 
than their counterparts did'earlier. This decline is nothing to be taken lightly, 
however, especially when it 'followed a period with relatively stable scores-even 
slightly increasing scores. ' ^ . > ^ 

The panel diagnosed the causal factors of the*^ score decline as falling into two 
categories or stages. These categories are actually 50 different^jjthat it may be bes^t 
to think in terms of tw6 score declines. One decline is directly related to changes 
in the SAT-taking population -"conlpositional** changes. The data gathered by 
the panel indicated that starting in about the mid-1960s, cumulatively larger 



percentages students with comparatively lower high school gradfi averag^^s^ere 
going; orf to college. The ACfe jFreshuiaiv National Norm study sHows tl^s dirtctly, 
is do the ACT Student Profilfe datj f^- those students taking that college enti^nce 
^ejcamination (2:14). Most-protebly two-tljirds. to, three-foufths--of the SA^^ 
score decline from^ 1963-70 was related to the -"corfipositional'" changes in thie 
group .Ijeing tested (2:45); these score averages me^uwl a different and broader 
^cross sectionaf students than theyj^d in the pa§J.»This period was clearly one of 
•Expansion ii?Tne number and proportidh of students completing ljigl},«fiool and 
^ reflected the- national spirit of eKttjPnded educational opportunityf-the^anel^dbe^ 
ifTihn^e the score decline during this period solely to thfe fact^that inr 
^fCiucd percentages^ pf lower-scoring groups started- takmg the test, however] 
"What the decline reflects is the in completeness .so far of the national undertaking! 
to afford meaningful equaKty^of educatiOnaioppbrtuiiity."- (3:45J | 

It- is much more difficult io chakcterize thei causes for the score decline after 
1970; however, the composition of the SAT-taking population has becoqje mpre , 
stabilized (2:46)^ There is evidence that prior to 1970 there were emerging signs 
of "pervasive** influences which went beyond "the "compositional" changes. The 
panel attributed about a qu^er of the decline since 1970 to those^ "composi- 
tional" factors related to changing Membership in the^ population being tested. 
This suggests that about, half] of the. decline may be attributed to .a broad collec- 
tion of factors identified as "'^ptrvasive." Briefly stated, these ^e: 

1. . There has beeti a signifk^^ dispersal of leaming.activities ahd em- * . 
' ph^sis in the schools, reflected particularly in^the adding of many 

elective courses arid a reduction of the number of courses that all 
students alike are required to take. ... - v 

2. There is clearly observable evidence of 'diminished serio usness of 
purpose and attention to mastery of skills and^ knowledge in the 
learning process as it proceeds in the scfiools, the home, an<f thei , 
society generfxlly. This takes a variety of apparently disparate bu4 
actually interrelated forms: automatic grade-to-grade promotions, ' 
grade- infhtion, the tolerance of increased absenteeism, the lower- 
ing of the demand levels of textbooks and other Reaching ahd learn- 
ing materials, the reduction of homework, the lowering of college 
entrance standards, and the inclusion of 'feniedial" courses in post: 
secondary education. ^ . 

Edch of these issues presents its own Quandary. We are not suggest- 
ing simplistic "solutions" thrqugits^hich-iall students are treated 
. , alike by<be,ing held in a grade until tkey rkach a common standard 
' . . . . The only right answer is to varJ the/instructional process still 
more to take ^account of increased individual differences, but with- ' , 
' 6ut*lqwering standards. . . . J / " 

3. Particularly because of the impact of television, but as a conse- 
.quence of othet developments as well, a gaod deal more of most 



xhitdren^s learriinjg mw develops thmugh viewing and listening than % 
through traditional modes. Little Us known yetabojit the effects of 
. this change, including its relationship to ^^performance levels -on \^ 
standardiz^ed e^amhiitions. ^ / ^ ^ ^ 

* , - ■ ' . - ' ' ■ . 

We surmHe that the ^extensive time consumed by television detracts f 
from homewc^rfdmpetes wtjh schopling more generattp^'^Bujd has* v 
contributed to the decline in SAT scofe<iverages. Yet we are con- 
: vinced that tel^ision and related forms af mmmynication give the' 
. ^ future of learning [ts greatest promise.^. . . 

4. There Have Unquestionably been*changes, during t)^ oeriod relating 
to scord decline, in the role of the faniilyin the^ educational proc- 
eh. Social sensitivity has prei^ded thorough inquiry into this aha, 

^ 'so that only the reftdily gbsenfajjte structural changes can be. noted: 
, the rajMly increasing ntimberand percentage bftftildren, for exam- 

ple, in less than complete families: While Evidence is nal available to 
determine the effect "of these chpr^^es^ on stUderits ' college entrance 
'examination scores, our conjecture ft that it is negative. 

5. The concentration of score declines in the three-year peridd be- 
V tween 1972 arid 1975 leads the panel to suspect strongly that one 

• important element here was the disruption in. the life of the coun- 
try during the time when those groups of test takers were getting 
ready Jbr their college entrance exau/finations. 

0. ' For whatever combination of reasons, there has been an apparent 

marked diminution of young people's learning motivation, at' least 
as it appears to be related, directly or indirect^, to their perform- 

- ance on college entrance examirmtionsMlthough this may be largely 
only another dimension of the preceding points, it is perhaps most 
significant of all that during the past 10 years the curve of the SA T 
scores has followed very clo&ely the curve of the entire nation's 

* spirits and self-esteem and sense of purpose, ( 2:46-48) ^ 

With all due respect to the panel, they attemplted only to analyze the declin- 
ing SAT scores; they were not charged with rnakmg recomtnendations designed to 
reverse the "decline. This« the responsibility of others. It is being fulfilled in part 
by the recommendations formula tejl, by ^ joint committee of the Mathematical 
A3sociation of America (MAA) and the National Council of Teachers of Mathe- 
matics (NCI^). This' committee's reconmiendations are: I »^ \ 

1. Proficiency iri mathematics cannot be acquired without*indtvidual 
practice: We, therefore, endorse the common practice of making 
regular assignments to be completed outside of class. We recom- 
mend that parent f'encourage their children to set aside sufficient 
time each day to complete these assignments and that parents 

■\ actively support the request of teachers that homework be turned 



..^ in. Students should be irkourage4 to develop good study habits in' 
mathematics courses af'all levels and should develop the ability to 
l^d mathematics, - ■ . 

2. .Homework^ and drill are ver^ important pedagogical tools used to- 
help the student^ gain understdnding as well as proficiency in the 
skills of arithmetic and akphra:but stvrfpnts should ^^nt hr ; . 
with rr-esv/ve or r, thvrejo.., r.^iummcnu tiuxc 

teachen and uuiP^jvi C/ textuooks/$tep up their seapchi^ interest- 

\^ . ing problems that provide opportunity to apply thesef skills. We 
realize tf^; this is g difficult task, but we believe that prpviding"^ 
problems that reinforce manipulative-skills as a by-product should 
' . have hjgh priority, especially thosY that show that mathematics 
helps sol}^ problems in th^ real world, . ^ V 



... ^ 



3, We are aware that teachers' must struggle to nUiintain standards Of 
perfortnance in courses at all levels from kindergarten through coU] 

, lege and that serious grade inflation has "ij^en observed, Anapparent 
growing trend to rey^ard effoxt'or attendance rather Than achieve- 
ment has been making it increasing^ difficult for mathematics 
teachers to maintain standards. We recommend J}iat\mathernatics 
departments review evaluation procedures (to insufe that grades 
reflect student achievement. Further, we urge^dministrators to sup- 
port teachers in this endeavor, 

4, In light of 3 abov£, we ako recognize that advanceme^ 
without appropriate achievement has a detrimental effect on the 
individual student and on the entire class. We, therefore, recotflr 
mend that school districts make special pro visions to assist students 
when deficiencies are first no ted.^ : 

u ' ' . ' . . ^ ■ 

5, We recommend that cumulative evaluations be given thrqughout 
each course, as well as at its completion, to all students. We believe 

Jhat the absence af^ciimulative evaluation promotes short-term 
learning. We strongly oppose the practice of exempting students 
from evaluations, 

6, - We recommend that computers and hand calculators be used in 
• imaginative ways to reinforce learning Snd to motivate the student 

as proficiency in mathematics jg gained. Calculators should bemused 
to supplement rather than to supplant the study of necessary cbm- ^ 
putational skills. 

■ , ' ' "v. 

. .. . . ■ ■ ■ tC • 

7, We recqmmend that colleges and universities administer placement 
examinations in mathematics prior to final registration to aid siu- ' 

, dejTtts in selecting appropriate college courses. 

o. we encourage t/e continuation or. initiation of joint meetings of 
collegeand secondary school mathematics fnstructors and counselors 
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in order to improve communication concerning mathematics pre- 
requisites for careers, preparation of students for collegiate mathe- 
' matics courses, joint curriculum coordimtioir remediaf ---^ramy 
* in schooh ortri ^nlfpfr ' v' 

and other related topics. 

9. Schools should frequently review^ their malhenjatics curricula tg see 
ihdt they meet the needs of their students inprepafing ^em for 
• . * college mathematics. Schoolidistricts that have not conducted a 
curriculum analysis recentlyWgbuld do so now, primarily to iden- 
tify topics in the curriculum%^ich could be either omitted ordf 
^mphagi^d, if necessary, .in order to prbvide^ sufficient time for 
^ the topics included ^njhe above statement. We suggest that, for 

example, the following" could be de-emphasized or omittid if now - ^ 
in the curriculum: \ — . ' , - 

(A) ' logarithmic calculdtions that can better be handled by calcu- 

lators^dr computers, . ■• 

(B) extensive solving of triangles in Srigpnonietry, j 

(C) proofs of superfluom 

■ . ■■ ' . 

. 10. We recommend that algebraic concepts and. skills be incorporate 
wherever possible into geometry and other courses beyond algebra ^ ■ 
to help students retain these concepts and skills. (8) ^ 

Mathemati^ Te^che^ Education 

Now that we have presented a little more objective pefsp^tive in connecticfkfe 
with basic skills, minimal competence, and declining achievement ki mathematics, 
we are in a better position to consider mathematics teacher education!*Once again) 
we must mention at the butset that a lack of hard data related to programs, prac- 
tices, requirements, and characteristics of the products tefnds to'doud the issues. 

r " . ' ^ ■ . ' _ '■ 

Let's start by taking a look at the situatidn prevailing at the elementary le^l. 
The NCTM commissioned a study (14) concerning characteristics and tfcachinte. 
practices of elen^entary, school teachers. Information was. obtained througn quejj- 
tionnaires from randomly selected second and fifth grade -teachers. The over- 
whelming contusion of the 'study was that mathematics teachers and mathe- 
matics classroonts-iiave changed far less in the past 15 yeap than was speculated. 
The oversimplification noted is probably not too misleading: 

i. The "mettHtn" teacher is a worhan under 40 years of age who has 
been teaching 10 years or less. She has had two semesters of high ^ 
schoof algebra, two of high school geometry, and two mathematics 
< courses plus one course in mathematics education in college. She ^ 
belongs to no association of mathematics teachers and has observed 
> . ' ■ ■ • / 



• 19 



\ 



21 



M • ^0 '^^^nt matics class ^' >/ rAree times at 

'f^^ ciju^i^^ ..jJkia> '^ch^r, student teaf her, and supervising 
iLiLLh^rl but she believes that watching someone else teach mathe- 
iffatics to children could improve her teachir^g. In contrast to the 
teachers in th? Berkeley study, she is likely to find mathematics 
easy and interesting td teach, . 4 



2. .The "median" classroom^ is self-contained. . 7%t mathematics period 

isabput 43 minutes long, and about half of this time is devoted to , ( 
wrihen work, A single text J^sedJn whole-cldss instruction. The 
1 /^^ '^/?^^c>wed-/fl/r/y closely or very closely, bat students, are likely ' ^ 
V ( ^^i^ out , of every five page^of texmal 

^ material xither. than problems. It seems likely ^hat the text, at least 
• j as for as the students are concerned, is primarify' dt source of prob- • ^ 
:r4eifHists. Teachers are essentially teaching the same waj that they*, 
were taught in school Abnoslnojte of the' concepts, methods, or ' . 
• . big ideas of modern mathemahcs programs have appeared (njhis ^ 
^ median classroom. (14: 3 3(f) r 
■ " ' ' ■• . . . • '■ ' • . I ' ' ■ ' ' ' / . • ■ 

: ' It appears that the typical elementary pre-selvice grogram tbday consists of 
one or two courses in mathematics covering ;iuml^ systems, and perhaps some 
informal geometry and a method of teacliin|^ mathematics cours(5. To some 
extent the 1961 and 1966 recommendations of the MAA's .Committee on the - 
Undergraduate Program in Mathematics (CUPM) (4, 5) were inriuential even 
though.. theif emphasis was restricted to the mathematical content component. 
The 1 97l;GUPM recommendations (6). were' clearly a revision of the earlier ones 
but still were 4^irected at the content x:ompon^nt of the teacher's preparation. ^ 

At the senior high school level, mathematics teacher preparation has changed 
. ^very. Tittle since the 1960s. There are a few exceptions^ however; more students 
are likely to have^been exposed to computer?, probability and statistics, combina- 
tories and applications. This situation is prpbably more related rto* technological 
advances rather than premeditated curiculum revisidns even thouglUfiese areas 
were mentioned .in the 1971* CUPM, recommendations. Of perennial concern to 
the profession is the geometry preparation of high School mathematics teachers. 
A lack of consensus on the part of the mathematics 'education profession^4^|io 
the kind of geometr^f^ourses necessary for teachers as well as a waning commit- 
' ment from mathematics departments account for much of this problem. ' 

. A recent study by Johnson and Byais (7) clearly indicates that much prog- 
ress has been made by institutions of higher learning in meeting the CUPM recom- 
mendations; and supports a need for more cpursework in probability and statis- 
tics, computer science, geometry, and applications. The study also cites a need for 
experiences specifically designed for the preparation of junior higH school mathe- 
matics teachers^ . , . . . I 

In. 1973 the NCTM sponsored thei Commission on Education of Teachers of 
Mathematics (CETM) and subsequently published Guidelines for the Preparation 
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of Teachers of Mathematics (3). These guidelines are stated in terms of spe^^fic 
'^cdmpetencies and mathematical content, contributions of humanistic and behav- 
^ioraistudies,Ueachingand learning theory witjfi laboratory and clinical experiences, 
practicum and precertification ^teaching. They were^intended to cover the fuir 
spectrum of pre-service. eleipejitary apd secondary teacher prep52ion. A com- 
parison of the 1971 CUPM recomm.eijdatibns .and the 1973 NfflTMguideliries is 
difficult because of the difference in formats. The conclusion of thfe^NACOM^ 
report is that there appear to be no conflicts in the extent^r emphasis on particu- 
lar topics, however; their judgment iff that, the reccaTunendations^nd guidelines 
are compatible. Taken together^ they apgd&r to be the pertinent guidelines fpr. use 
in evaluating mathematical education components of teacher education programs. 
Hopefully; visitations from*'the Natipnal Council for^rAccredita#3n of Teacher 
Education (NCATE)^eflect consistent'investigation of these prescribed standards. 
• . • ■ . • ■ ^ ^ , . ^ 

It "seems clear that if we are ever to make any headway,' then, that mathe- 
matics educators, mathejnaticians, professional organizations, and accrediting 
agencies of certification must all coop/erate to produce"a;^**cdtnipWte" mathWatics 
teacher, The NACOM&report recommendation qoncemed with pre- in-service 
teacher training presents an acceptable position ,and a l^sis for the remaining 
chapters of this book: * 



7. 
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That professional organizations continue fta update and publish the 
prdfession 's view of the educational nekds of mathematics teachers • 
and tKitt^ professional organizations take uh active and aggressive 
role In apprising decision-makers In teacher education, certification, 
and accreditation of these vle^^s, " v , 

That a joint commission of NCTM and 1 iA A ^ be establishes^ to pre- . j 
xpnt n nnitpA rirndtinn on reauirementx mr the education ofprecoh / 



senf a united pmltlon on requirement^ . 
lege mathematlcs^eachers. 

1 



3. That the professional organtzatfonf In mathematics education ^ake 
initiatives to l^sufe that mathematics educators, have a role In deci- 
sions relating to the preparation of specialist teachers In special 
education, early childhood education, bilingual education, career 
education and o ther areas In which mathematics Is part of the cur- 
riculum. - • ^ 

4, That mathematics specialists with broad- and Jong-range perspective 
concerning the iigture of mathematics and its role In society (math- 
ematicians and ^malihematlcs educators) maintain a prominent role 
In decisions concermng the mathematical competencies of teachers, 
both in design of teacher education prpgrami and In the qertlfica- 
tton of teachers. ^ 



TKat neither teacher education nor 
based solely on competency- or perfoifna 
a sound empirical rationale. 



certification procedures be 



nce^based criteria without 



6.^^at the backgrdund of instructors in boih pre-service and in-service 
couhes for teachers include not only the 'relevant ynathematical 

y comuetence but both current expeHence^nd interest in the math-, 
emattcal curriculum of^the level th^se teachers Mil teach. * 

^^TThat, since the .successful implementation ofMfUhrast in school 



mathematics depends on the reqfistic-a^eptance of that thrust by 
, ^ teachers, programs seeking natidhahaccefitance must identify the' 
factors ^ promoting such acceptance and - integr^t^ these into^tn- 
t_ service workshops. Among the factors MQjisidered should^^ 

• - » . - . ' . 

-the conditions under which ihe4eache^ is attendU^ the institute, 

-thfi teacher's of^ortunity to make input into the program ' 



-the teaclver's oppbf;tunity to adap^ methods or materials to his 
or her o^rt style of clq^sroom^instruction, 

r-the opportunity to air niisgivings and apprehensions and to brain- 
storm. both future difficulties of implementation and alternatives 
for avoiding or handling them. ^^rT<_ 

■ ' •v J, 

8. That school districts, teacher organizations, and sponsoring agencies 
' of teacher education programs should work together to identify the 

conditions that will promote teacher participation in in-service pro- 
grates. Possible factors might be released time, educational leave 
time, university credit, stipends, credits toward other negotiated 
benefits, and incentives teaching materials. 

9. That teacher education place^mphasis in the following areas: 

' a) the development of process abilitie^hat is, abilities in logical 
reasoning and problem solving, anct methods of developing 
these abilities in children, 

' ■ ■ " v 

b) development of teacher judgmental abilities to make intelli- 
' gent decisions abou} curricular issues in the face of growing 
• outside pressure for fads and uninformed policy, ^, 

cj recognition Jhat skills of statistical inference and the ability to 
deal intelligently with collections of information are among the 
essential minimal skills required by every person in today's 
world, • / ^ . \ 

d) appreciation of the uses and applications of mathematics in ' 
' the solution of "real world" problems, ^ \ 



e) developm^ of skills in teaching thXeffective^ use of computing 
and calculating machines in solving pnf blentg^ ' ^ ' 



f) for secondary^teachers, literacy in at leastj one 'problem solvittg 
^ ' ' programming' cotnputer language and grasps f the issues in com- j 

y^'^^^^uter literacy, ' j ^ ^ « * 

g) 'preparatloTL^ new teachers to enter realistically the existing 
^hool s^tems aLweH as to participate Jn emerging trends. 
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SUGdESTIONS FOR KINDERGARTEN ' 
MATHEMATICS TEACHER EDUCATION 



■n 



. Kathryn Castle, Assistant W^essor, 

Department of Curriculum and mstpiction , 
^ Okhhoma State University, Stillw^kr,Okhhbma 

- ^ As a i^esult^of her extensive research, into recent trends of curriculum- devel- 
opment, Weber (10:2) has described kindergarten as a>^*no-man's land" in which 
not much is happening in the field of education, J^^^ -| 

Although, there has been much activity at the preschool and early piimary 
levels ((glades one to three), innovative programs at the kindergarten level have 
been mo|e an afterthdught thto a main concern. Many cuiTent^pVeschool^ro- 
grams, such as the Follow Through programs which developed a^an extension 
of Head jStart,^ have been designed'to be carried over into the kincjergarteri; wliile 
early jpfranary programs, many based on textbook series, often attempt to extend 
down to the kindergarten level. TTiere are, however, few, if any, specific model 
kindergarten program^;^ • . 

- As an area of educational speciilizatiorh, kinderg^enl^been possessed/by 
no" one yet claimed ]by almost everyone. The kindergarten Iwd is tacked oiiio 
' several types of teaching certificates. Elementary certificatiQiiVoften includes 
kindergarten as the lowest level. In many states '(e.g., Oklahoma), elementary 
certification includes kindergarten through eighth grade. 

' This alsa tends to be true of early childhood education certification which 
may irtclude ntlrsery school through second or third ^de, or nursery school 
through kindergarten, as in the state of Oklahoma. No mafter how they are 
divided, teaqher certification programs often overlap at thefkindergarten level. 

As a result of overlapping certification, two biasic channels or programs Tor 
kinderg^en teacher education have emerged: (1) elementary education and 
(2) early childhood , education. These programs differ^ in a number of ways in 
• nieir approaches to teacher education generally and to mathematics teacher 
education specifically in terms of (a) their views of the discipline of mathematics, 
(b) methods of teacher j)reparation, and (c) teacher products of the programs. 
These differences result in^vergent views of the role of mathematics* in the 
kindergarten. • : ^ 

The elementary teadlfer education approach often emphasizes mathematic^ 
as a distinct discipline and a separate area of the £urriculum,%rhis approach" 
encourages future teachers to learn ^e structure of the discipline and how to 
teach it using^ various current methods and materials. The early childhood educa- 
tion approach generally foclisesvu^n the child a^ an krea of study and encourages, 
future teachers to undwstand ho^ children learn mathematical concepts in ordep 
to becoriie a facilitator of the process. * 



These two different apptoaches are reflected in divergent classroom practices 
■ by Ae tw<5 sets of teachers who emerge from the programs. The kindergarten' 
teacher from the elementary pjogram tjnds to perceive kindergijteit a? a period 
df preparation for first grade and a time for children to become serious aboi^t the 
\leaming l^ocess. Priority is plac^ on Ifc^ing to sit* quietly, to pay attention, 
awt ta^eacnrto follow rules a2Jl^efca*ders. Play is regarded as an activity for out- 
side school H(^rs or for recess tune. ^^Mdren are often admonished to "act like 
firstgraders, not kiQflergarteh babies." - / _ ' ^ >\ f ■< 

*The kincetg^fteri teacher from* the early childhodcfediicationj^rograni tends • 
to' «<hid tfe goals of nursery school; eiTication into kindergaTrten and vie>vs 
. kindergarten as' an im^rtant time of initial adjustment to* schoofi^er than as a 
period^ of preparatioh for aVuture level. The -emphasis is on providing a positive 
first^^hool^xperience so that the child wiJU enjoy school and want to leafn. Play 
is pwceived ais a vehicle for leaniing; _ . ' . ^ 

Ofhef bagi(3f^ifferences sureily e*x^^ 
.examination. ^ • . • ^ ^ '-.-^ ' 

-Who Teaches iiv the Kindergarten? ^ - ; 

•'••./'■ ..• • • . . . » ■ ' ; / • . ^ 

^ ' ' ■■ ' . ^ ' ■ , • 

I > ' Probably most of the public school kindergarten teachers who are teaching \ 
tWday^ were trained in elementary teacher education programs. Early childhood 

- teacher education programs are increasing in number, however, and teachers from 
these prograrns aris being hired more frec|uently for kindergarten teaching. In 
some areas where this tyfl of program has gained prominence, public school 
administrators in charge of hiring are giving prefeience for kindergarten jobs to 
teachtrs traiyied in these' programs. However, this tends to be the exception rather ' 
than -the general practice. Very often, in order to deal with budgetary problems 
and decreasing entollments, elementary teachers and ev^h junior high school 
teachers are. being reassigned "to ^kindergartens in order to keep them dfnplqyed, 

|p general, there are basically two types of pul^^ffiodl kindergarten teach- 
ers: those trained in elementary programs and thM&rained in early childhood 
« education programs^ These two types of teachers dTror not only in training but 
afeb in methods of teaching. 

^ • ZW)5ferenc^j teacher education programs 

require a minimum of mathematics courses such arx^ne course in arithmetic for 

r teachers and ^another^ course in mathematics methods. The f^orm^r course tmay 
emphasize basfi(|p)mputational skills and may or may not deal with' educational 
applications. The mathematics" methods course is usually aime4 at teaching at 
the fourth grade level since certification may he Idndergalteiijhrough eighth 
grade? This /*happy medium** approach does not teach the studentteSSher how to 
deal with the- needs and abilities of the kinde|^artcfn-aged child. It i^ taken for 
granted that somehow 'tfTe student teacher will know' how to **water down'* the 
fourth grade mathem'atics, curriciQum to kindergarten level. The result is ofteff 

.disastrous with children and teacher both becoming very frusti:ated and anxioiwl 
ov^r mathematics. " 



Efementary teacher education programs require many discipline-oriented 
counes (such as social studies and language arts) and tend^tp neglect or^only min- 
imally ind^e child developmeiit courses. The major thrust is oit the separate 
discipline Future teachers ar^ instnicted to teach ,suy matter rather than 
childrtj^. While this approach may pe appropriate for the older child, it is not too 
beneficial for the younger child who is just lemming to be a person involved in the 
educational procl^ss and who needs a supportive adult wha understands the young 
chiljd's needs and capabilities. 

* In his discugsipn of the role of the teapher of young children in mathematics 
instruction, Spodek (9:153) states: ; 

Althoidgh she neids to be knb}A;i^jigeable of mathematics and of meth- , 
ods of teaching mathematics, mdi^e important is her sensitivity ito chit- - 

Copeland (3) "points out that a majpr; problem ifu training elementatj^ teach- 
ers is that they are morfe interested in f leitcW matter than in teaching 
/children, priniarily because theit training i^:in methods and content areaTratherr 
• than child developrrien-t. • \. . ' . ' 

'Some elementary telpher education prbjp*jams do nqt provide experiences in 
working with children until the. student feaching experience which usually o^c^iirs 
during the final semester qf tl\p prfcgram. The reient trend, however, seems to be 
toward more field-based experiences with children at earlier stages m the prdgrarh. 
While this appears to be. a worthwhile trend, it would be even more beneficial if 
, the experiences were'at a variet^^bf grade levels oir^'at those levels where the stu- 
dent is more likely to be later employ e(f as a teac:h|sr, A^tudent teacher whose 
experiences with children havfef'tieen in fourth grade or above may find it diffi- 
cult to relate to the kindergarten-aged child^ and this student teacher coul4 vefy 
well become employed •as a kindergarten teacher. ''^Many elementary education 
student teachers placed in the kindergarten- for student teaching "comment that 
they feel unprepared fot the job and fhistratedhi theiii attempts to teach subject 
matter to children who won't **sit still and payauention.'* . 

On the other hand, early ^J«ldhood teacher education programs, tend to 
emphasize understanding children and hW they learn. As^ result, many courses 
in child development ^nd.leamlHg are reWred. Their jnajor thrust is to give stu- 
dents an understanding of the needs iand al^ilities of young children as T:hey p^s 
from one stage of development to another. Their emphasis is on- teaching children 
rather than subject matter. Th6ir aim is to prepare students to better relate to 
young children and provide for their needs. ' ■ • 

: Early childhood education programs are similar to elementaiy education 
programs in requiring a minimum of mathematics coursework. Early ch^dhood 
progranis, however, ojften combine mathematics methods with other curriculum 
areas sucK as science or social studies. Although this may reduce the total amount 
of mathemaljics exposure, it may also demonstrate the interrelatiednessrof the vari- 
ous curriculuni areas. 
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While elementary education students suffer from the **water down'' gyn- 
. drome, early childhood education ^students are exposed to the "water up" ap- 
proach. They are required to apply what they have learned about nursery school 
children and their instruction to the kindergarten Child. This approach may result 
*n activities which are not challenging enough to the oldef child and in unstruc- 
mured^miplanned programs. a 

Early childhood education students are often exposed early in the pro-am 
to experiences working with young children in university laboratory nursery 
schools. However, they usually are not exposed to older children until student 
teaching in the public schools which often occurs during the final semester of 
the program. These student teachers, when placed in the kindergarten, often 
comment that they are apprehensive about working with large groups of older 
children since their experiences have been limited to situations with younger 
children and lower student to adult ratios. Many have remarked to the author 
that they feel inadequately prepared in music, science, and mathematics since 
these areas seem to be less emphasized in their program. 

Differences in Teaching Practices, These two approaches to teacher educa- 
tion result in differences in teaching methods and mathematics instruction in the 
classroom. The elementary education trained teacher concentrates more on teach- 
>ing content and subject matter wljich will prepare the child for first grade instruc- 
tion. The kindergarten teacher(rnay feel pressure from the first grade teacher, 
parents, or the principal, to have children counting and doing simpl^yarithmetic 
computations by the end of the year. To accomplish these goals, he/she may use a 
kindergarten or preschool component of a mathematics textbook series whi<ifi has 
been adopted fpr use in the upper grades. Workbooks and dittoed work sheets are 
favored to provide mathematics activities and problems. The teacher may attempt 
tp teach the written symbols and verbal labels for numbers from one to one 
hundred thrdugh drill and rote memory exercises. She/he may also set aside a cer- 
tain period of the^day, such as a thirty-minute period devoted solely to mathemat-^ 
ics instruction. . ^ 

The teacher from the early childhood education program mi:^ not set aside a 
specific time of the day for mathematics instruction, but may randomly attempt 
to incorporate mathematics activities into the day-to-day classroom routines such 
as having the childrer) decide how many napkins should be distributed for snack 
or how many children shoiild be allowed to work in a particular activity area. The 
teacher may also provide a great many manipulative objects for children to sort, 
classify, or count. The approach tends to be more activity oriented with an em- 
phasis on unstrpctured play rather than on rote drill of mathematics facts. Science 
and mathematics instruction are often combined into the same activities, as if by 
doing science ^p^eriments^ nfathematics is someho>y automatically taken care of. 

What's Missing? The elementary teacher education approach fends not to 
provide a basic understanding of children and how they learn as^ well as an expos- 
ure to nSaterials and, activities appropriate for the kindergarten level. The early 
childhood teacher education approach tends not to provide sufficient instruction 
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in jtiiS^ area of mathematics and in planning mathematic^ programs for kinder- 
. garteiT children. Both are lacking in providing enough, field-based experiences 
working with kindergarten children early in their programs. Both would probably 
be strengthehed by providing increased exposure to the application of mathemat- 
ics instruction in the kindergarten classroom. 

Which approach, if either, is more educationally sound? Which approach, if* 
either, is more appropriate for tedching'how to provide initial exposureto math- 
ematics learning?^ Which approach would do rtiore to prevent or alleviate learner 
anxiety toward mathematics? Which approach would better prepare indiwduals 
capable of thinlcing in pew ways and solving problems which may confront them 
in the future? These are difficult but iipportant questions which will remain 
unanswered until the necessary educational iesearch has been conducted. Much 
may be gained, however, by an examinatlopof the kindergarten level and the 
characteristics of kindergarten-aged children. Implications may then be drawn for 
the improvement of teachereduc^ion programs in general. 

Kindergarten as Transition ' • ^ 

" ' . ' .V • . 

The idea of the kindergarten or "children's garden" was idopted from the 
German model established by Friedrich Froebel during the ISOOs.'^it was brought 
to Ainerica in the late 1800s and began to flourish during the earjy 1900s. Only 
recently, however, as a relsult of legislatipn has kindergarten become mandatory in 
most states. * ^ / 

Curing its existence, the kindergarten has gone through many^:hanges and 
social reforms. Today it is generally considered aiv integral part of most public 
school systems and provides the first school experience in fpnrial education for 
many children. , • v 

■ y- ' \ . - ' 

Kindergarten^ is a misunderstood Ipvel probably because ^tj-epyd^^^^ 
many transitions and changes for lhe child. It is jj period of^^^tTdpmi^ji.^(^^ 
the home to the school; 02) frqm parent influence to peer influence; and (3) fpom 
limited motor, social, and cognitive skiHs to the development of increased skills. 

While kinde^artens are a part of most public sphools, they tend to be sepa- 
rated physically from other classrooms, often Ideated at e^ttreme ends of the 
building or in separate buildings or temporary cubicles. Many schools even provide"^ 
a separate playground area for kindergarten children. As a result of these factors, 
kindergartens tend to become isolated from the daily ^utine of the school. 

Although there are many all-day programs, most kindergarten programs are 
composed of two half-day sessions for separate groups of children. For various 
reasons the younger children usually attend the morning sessions. Curriculum 
content varies from school to school but tends to range from highly academic, 
with a concentration ,on reading and mathematics instruction, to highly social 
an^ unstructured, with a concentration on "^ree play" experiences. 
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' Characteristics of the Kindergarten Child, The kindergarten child is usually 
between five and seven years of age, and in most school districts must have reached 
the age of five on or before the first of November of the school year in order to 
attend. According to Biaget's periods pf cognitive development (8), the kindergar- 
ten-aged child would b^ beginning the transition from the preoperational to the 
concrete operationaLlevel. Because of individual differences, however, all children 
, in the same classroom will probably not be at the same level of cognitive develop- 
ment simultaneously. Some children will be at the sensorimotor level, others at^ 
the preoperational level, and a few at the concrete operational level. This is why 
individualized instruction is so important at -the kindergarten level. Children 
from a variety of backgrounds bring a variety of experiences to the classroom. 
Some kindeffgarten children may be able to read, recite numbers, verbalize their 
ages, and evtn. conserve number. Others will not be ^ble to do these things until 
they have thfliappropriate maturation and learning experiences. 

In general, kindergarten children teftAto be highly enthusiastic about school, 
intrinsically motivated* to learn, and eager to please the teacher. However, they 
also tend to be egocentric, viewing the world from one perspective— their own (7). 

How Children Learn. Young children learn by doing (2, 7). Their learning is 
active and should engage them in challenging experiences with concrete objects 
which represent .physical reality (6). Learning proceeds from the concrete to the 
abstract. Chi^Jren learn about concepts through interacting with the environment 
and with'1)tiier people. Abstract thought is hot developed until the period of for- 
mal operations which begins around age 1 1 (8). Until then children are bound to 
the physical world ajid respond to learning activities which make use of physical 
, objects and activities (9). 



According to.Copeland (3:208): 



Children in the elementary school, however, are not ready to 
work at the abstract level with formal logic and proofs. They ^ 
are very much a part, of the physical world. Mathematics for 
them should be exploration and discovery— an inductive ap-^ 
prqach through the physical world with concreta^fects, 

Cdpeland provides many valuable suggestions for leaders based on how children 
learn rather ^han on how to teach subject matter. He has drawn implications from 
Piaget's research concerning children's cognitive development. For example, he 
says that elementary teachers work with children at the concrete operational level 
and that logic activities should be introduced only as they relate to objects in the 
physical world. Therefore, the use of workbooks which are two-dimensional repre- 
sentations of reality are not appropriate for the preoperational child who needs 
hands-on experiences . with concrete, three-dimensional objects. For example, 
sorae mathematics workbooks are designed for the kindergarten level containing 
punch-oi^t cardboard discs representing' pennies, nickels, dimes, and quarters used - 
to teach money and counting cpi^cepts. While the usp of these tokens is probably 
better than mere pictures of the objects, they do not adequately represent real V 
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obins and are often not the actual size of real^oins. These tokeits can be quite 
conning to the young child who has had limited experiences with money and 
majTnot y^t be able to conserve number mych less understand such abstract 
notions as five nickels make one quarter. Why not use real cAins and minimize the 
cbhfusion? ♦ 

.. , . ^ / 

In his discussion of the cdotent of mathematics programs, Spodek (9:139) 
stresses that . " . 

teachers of young children can plan many fruit ful mathematics experi- 
ences without redourse to textbook or to lecture and recitation'sessions. 

. . . The endless opportunities available in any classroom for counting, 
comparing, and measuring, provide childreri with a wealth of opportun- 
ity to do mathematics. > 

These experiences with real things in therhildren's environment, if 
^ used appropriately, can keep children from feeling that mathematics is 
something strange, totally theoretical and completely alien (o their lives, 
a feeling that can be communicated when niathematics is taught in a 
rigid, totally abstract way. . ^ .Oftev it is the way mathematics is taught 
rather ^an mathematics itself that creates learning difficulties. 

^ Acceding to Kaget (8), most chadren do not conserve number until around - 
>ge seven x)r eight. .Yet it 'is often assumed tjiat the child who can recite numbers 
from one to ten has also developed the underlying concejpt of number. 

Piag^t stresses (8: 144) that * ' • * . ' ' 

• . . .the child may be taught to count, but experiment reveals 
that the verbal use of the names of numbers has little connec- /^ 
tion with numerical operations as such,^whiclf sometimes pre- 

" cede counting aloud and sometimes follow it, with no neces- 
sary bond betwieri the two. ^ ' ^ 

* 

Spodek also maintains that verbal counting in kindergarten is often accepted 
for basic understanding (9: 14J). . ' ^ ^ 

J* What too often passes for counting is the ability to recite the names of 
. , numbers in sequence without any understanding of the idea of the 
number that corresponds to a given name or numeral. 

We should never mistake rote learning ^or basic understanding. Yet much of ' 
what passes for- mathematics in the kindergarten are activities in rote memoriza- 
tion/This can be seen in the emphasis* on teaching the calendar and' clock time. 
While raemodzing days of the week in order may in some way be a justifiable 
learning experience, it is not an indication that the child understands^the concepts 
of days or weeks or moaths as4lnits of time. 



The "back to the basics" slogan h^s befcome a very popular one recently. At 
the kindergarten level, it woul^ probably be more appropriate to "go forward to 
the basics" since basic concepts such as number have never really be^ greatly 
emphasized in kindergarten.- Perhaps if we are really interested in "going back to 
the basics," we should begin at the kindergarten level by replacing the-emphasis 
on rote learning of verbal number names with an ^emphasis on developing a "basic;" 
understanding of the cohcept of number before requiring children to •perfomri 
more abstract number operations. * * 

Suggestions for teaching;, Kamii and De Vries (4) provide some valuable 
principles for teaching number based on Piaget's research.. .Three of these princi- 
ples include teaching number concepts when useful and*meaningful to the child; 
figuring out how children are ttiinking; and encouraging children in a general way 
to put all kinds of objects, events, and actions into relationships. They point out 
that 

Cuisehaire's approach to teaching number mth rods reflects ^the com- 
mon confusion between discrete and continuous quantities. For Cuise- 
* '^ire, the 1-cm rod sUinds for '^one/* the 5-cm rod stands for "five" 



and the 10-cm rod stands' for "ten. " For Piaget and most young^ chil- 
dren, how^ever, each of these rods can only be "one/* since it is a single, 
discrete object. Number involves the quantification of discrete objects, 
and therefore cannot be taught through length which is a continuous 
quantity, (4:16) \ 

Other specific suggestions for teaching mathematics in the kindergarten 
based on the knowledge of how children learn can be found in Copeland (3). In 
addition, the Thirty-Seventh Yearbook of the National Council of Teacfiers of 
Mathematics, Learning in Early Childhood, is an excellent resource 

for current rese&rcfi, activities, and materials (5). ^ 

An outstanding example of a mathematics program designed for public 
school kindergarten children based on their natural ways of learning was imple- 
mented during the 1976-77 school year by Dr. Alberta M. Castaneda of the Uni- 
versity of Texas at Austin. Currently Dr. jCastaneda is extending her program at 
-the/first grade level and fias plans for publication of the results of her project at 
a future, date. This jnathematics program is based on concept development and 
oral language use. She .maintains that before children can read, write, and do 
mathematics, they musFue atje to "talk" mathematics and verbalize the mean- 
ings of symbols before they write them. The concept of number does not exist in 
the real v^orld and must be developed from within before the child is given the 
written symbol. Dr. Castaneda emphasises building meaning through concept 
development and ora^ language acquisition. She has devised a number inventory 
to assess number concepts in five-year-olds. Sne has also designed a sequence of 
activities f#r teaching based on the child's development of number -concepts. One 
interesting finding of the project is that kindergarten children performed better 
^^OL.the number inventory when objects were available for manipulation during 
testin^rDr. Castaneda stresses *tj!fe importance of developing the basic number 
concepts before progressing to more abstract manipulations. 





In suitunary, seven suggestions for teaching mathematics at the kindeig^en 
level include: ' - 

L Figure out whqre children are developmentally through observation 
of self-selected activities and questioning techniques. 



2. Match the materials and activities to each child'^ level of develop- 
ment, 

3. Use manipulative materials which are appropriate learning materials 
for all levels of development. 

\ 

4. Integrate mathematics learning throughout all areas of the curricu- 
lum making' the whole classroom into a mathematics kborat^^ 

. 5. Capitalize on the child's intririsic^oHvation to learn by providing 
.activities bas^ on each child's tni^^^ ' - 

U Capitalize on the child's tendency to interadt with other children 
N^/ and use this for grouping or pairing ehildren^ring problemrsolving 
activities. The use of mathematics games and activities involving 
t}yo or more children enhances role-playing development as well as 
mathematics learning. ^ 

7. Use everyday experiences such as the distribution of materials to « 



' teach number concepts. 



Suggsstttm for Teacher Education Programs. Itivgen^raCteacher education 
programs prepare kindergarten teachers shpuWat least provide some expe- 

riences for^radents to work with kindergarten cTiilclren so that they will better 
underst^wthat kindergarten is a unique 4ime" for child|ren to learn certain things 
rathep^tJlM a training or drilT time for a higher level 

[eacher education programs should strive to expose students earlie^r to work- 
ing with-«hifclren at a variety of educational levels so 'that students will better 
understand that the developmental process is a continuous one. Many programs 
are attempting to do this through classroon] observational experiences during the 
sophomore and junior years. While e^rly observational experiences are worth- 
while, they become much more valuable when students are guided through use of 
observational instruments, or follow-up discussion seminars, or assignments in 
which students actu^y plan activitie$ for and interact with young children. 

Although students in tea chei: education programs should probably be required 
to take more courses in mathematics, often this is an unreasonable goal because of 
the many other necessary degree and xertifi^ation requirements. However, 
attempts should be made to improve minimum course requirements to make them - 
more relevant and useful. One suggestion would be to provide a variety of mathe- 
matics methods section options for those interested in ekrly primary grades an^i 
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for tt ose interested in later elementary grade levels. As a. result, methods courses 
could be designed for instruction at a more appropriate level based on student 
interest rather than on thr current "happy medium" fourtlrferade level to which 
all students are exposed. Courses in arithmetic for teachersJCouId be made more 
relevant through emphasis on the practical application of t-?aching computati9nal 
skills through assignments in which students actually work \vith children as tutors 
or instructors. 

Either through mathematics coursework or methods instru<;tion, students 
should learn to understand the interrelatedness'of the various curriculum areas. 
In an attempt to provide adequate instruction, we have often presented the vari- 
ous disciplines as isolated segments. A more interdisciplinary approach is nee(Jed 
to show the relation of mathematics to other curriculum areas such as science or 
music. In this way students would perceive learmng not as fragmented bits of 
information but as a unified whole. Mathematics has traditionally been taught at 
all levels-as an abstract body of knowledge. We can no longer afford to do this. 
Rather we need to approach mathematics education as a useful survival tool 
with practical application to. everyday life and the furtherance of Creative ideas. 

.* . " 

Finally, ofie of the^ most important suggestions foi- teacher education pro- 
grams which prepare kindergarten teachers is to refocus on the importance of 
understanding children and how they learn mathematics concepts. Until we as 
teachers understand the developmental leaning process, we cannot hope ^ to 
implement worthwhile mathematics programs. for young children which take 
mto consideration how ^they develop mathematics concepts. A concentration on' 
the social transmission of mathematics "facts" will continue to produce indi- 
viduals who have memorized formXdas and information just to get by, who have 
not adequately developed the basic underlying concepts, and who as a result are 
anxious about mathematics. ^ V . 

Five general- suggestions for improving teacher education programs can be 
summarized as follows: " a/» 

L Increase aru^r improve mathematics course requirements so that 
they are more relevant t(f educating the young child. 

2. Expose students earlier in the program to actual implementation of \ 
kindergarten mathematics program and to working with younger ^ 
children. 



3. Stress the interreldtedness of the curriculum by showing the rela- 
r*r^ tion of mathematics to other curriculum areas. 

4. Encourage the understanding of the use of mathemattts education 
a? a prflctical survival tool rather than as an abstract body of knowl- 
edge. 

5. Place major emphasis on understanding young children and how 
they develop mathematics concepts. ^ ' 
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Conclusion " ' - . 

Kindergarten has been a misunderstood and neglected area of teacher educa- 
tion. It is time to rethink the importance of this level as a special time in itself 
in wWch art children are "ready" for some type of mathematics experience/The 
"no-man's land" of lie kindergarten needs to be developed into a state of its owp 
and valued for its significance as an initial introduction to the formal education^ 
process. . ^ 

^ If it is true that the-^early years are the most important in setting the stage 
for learning, and if it is true, as Piaget (1 ) states, that 

^ the principal goal of education\s to create [humans I who are capable 
of doing new things, not simpl}^ of repeating what other generations 
have done. . JhumansI who are creative, inventive, and discover, : 

then we can^no longer afford to continue the approach of social transmission of 
.mathematics facts to young children. Kindergarten mathematics programs and 
teacher education progr^s must take into consideration how the young child 
leams; they must stress the need to capitalize on the young child's intrinsic moti- 
vafion to (levelop. mathematics concepts as well as the need to facilitate the devel- 
opment of the capacity for inventive thought. 
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Change * 

"Students in our schools tod^y are unable to sofve the simplest math prob- 
lems." 'Test scores ai;e steadily ©ftting lower." "Students are ^aduating from our 
schools not being able to add, subtract, multiply, or divide." ''Children today can- 
not handle a fractional number." "College students canhpt do a ba^c mathemat- 
ics computation. 'VThese statements appear daily in ournewspape* and on our 
TV screens and radios. They reflect the concern of parent^^dministrators, and the 
general public, Changes have been^made in textbooks, syllabi, and even in the 
physical design and facilities of schools. But they have effected) little change in 
student performance. If there is to be an improvement in stude^its' mathematics 
performance in the primary, elementary, and secondary .schools, it will be the 
result of changes made in teacher education institutions. "Quod non habet, non 
potest dare'! (yihdX you do got have,, you cannot give) is the striking reality exist- 
ing iii many classrooms today. 

Rationale ' 



Historians predict that unless we examine and learn from the past we are 
*cbndemnedr to reliy^:it>'It appears^^lhat 'theijr prediction may be^in thdjjrocess of 
fWfiili/ient ill the area of mathem^ v • ' - 

In 4957, the, launching of Sputnik drew the spotlight of examination to the 
performance of students in the science and mathematics classrooms of our schools. 
Their performance was below public expectations. Cries of indignation arose and 
were brought to us through the news ^nedia. In the area of mathematics; educa- 
tors proposed the^'new math" as the elixir which would improve performance. 
The "new math" was introduced with great haste, a magnificent "press," and 
little teacher preparation. Textbooks were advertised featuring the "new math" 
approach. School systems adopted textbooks based on advertised claims and 
pointed to them as proof that an effort was being made to improve children^ 
mathematical performance. When there was no significant miprovement in stu- 
dent performance, educators began to question the validity of the principles of 
the "new math." In its recent report, the National Advisory Committee on Math- 
ematical Education (NACOME) affirmed that the "new math" is sound in prin- 
ciple but that its implementation had been poor. The "new math" had hot been 
tried and found wanting; il; had not really been tried. 

Twenty years later low student score^4eported on standardized tests again 
drew the spollight to the poor performance of students in the mathematics class- 
rot)m. Again,- the news media gave SFeat attention to the public cries of displeasure. 



And, again,|a femedy has been projposed -this time in the fonn^oCthe back-to- 
basics and competenpy-based education movements. Textbooks featuring the 
back-lo-1)asics approaQh have appeared on the market, and states are legislating 
' competency examinations in elementary and secondary schools. Again, we are 
n«^ving -with great haste, a magnificent "press," and little teacher preparation. 

We continue to treat tke symptoms rathet than the disease. When children 
are unable aitd unwilling to learn mathematics this- is a symptom that mathematics 
is not being tau^t in the manner in which children .learn, Preparing^ teachers to 
teach matheihatics is the responsibility of teacher education institutions. It is, td 
, these institutions, therefore, that we look for leadership in curing the disease and 
in assuring the future mathematical' health of students. 

"It is essential for, teachers to know more than they are expected to teach 
and to be able to learn more than they already know, for without siich knowledge 
progress is essentially impossible." (2:5) In the cognitive area we need a teacher 
education curriculum which assures knowledge and competency in mathematics' 
as well as a knowledge of the philosophical, historical, psychological, and socio- 
logical aspects 6f education. In the affective area we need a stimulus for the 
growth of teachers' ability and desire for knowledge. 

Math Anxiety ^ ^ 

The mathematics courses presented to future teachers in pre-Service training 
need to be fashioned not on^ to provide solid mathematical content; they also 
need to be presented in a manner which will help future teachers overcome math 
anxiety. Possibly/ one of the most serious handicaps of prospective teachers, 
^siJecially those prpparing for careers in primary and elementary schools, is thei^ 
fear of mathenlktics. Many are honest elKmgh to admit to some degree of anxiety 
where mathematics is concelmeid. Some will adfmt that they never really under- 
stood mathematics and that they are convinced^ no amount of practice ot drill 
will help them. Some have aWvays memorized rules and procedures and been able 
to perform satisfactorily, but they now realize that that is an inadequate prepara- 
tion for teaching mathematics. Math ainxiety can also be inherited. A parental 
comment regarding a failing T)r poor mathematics grade is frequently, "I never 
understood or liked math when I was in school either." 

^^^iPfath anxiety may haye cultural roots. Women in our culture have not been 
expected to excel in mathematics. Little attention has been given to the difficult 
ties they experience in Karning the subject since the "mathematical mind" has 
been considered a male attrib'ut^ Women, therefore, are prime^andidates for 
mathophobia. Yet female teachers constitute the majority in primary and ele- 
mentary schools. They cannot be ejcpected to generate enthusiasm and excite- 
ment for a subject for which they have fear and anxiety. If the cycle of matho- 
phobia is to be broken, it must be broken in the teacher education institution. 
The fears of both male and female teachers need attention. 

With the assistance of a grant from the Fund for the Improvement of Post- 
Secondary Education (Department qf Health, Education, and Welfare), Wesl^yan 



University in Connecticut has opened a •'Math Anxilty Qinic." Its purpose is to 
^rve undergraduates who admit that they cannot cope with their math fears and 
difficulties, fhe clinic interviews and diagnoses students and provides therapy and 
counseling in a npnthreatening, supportivg, personal atnii)sphere. Here the psychp- 
logical or emotional causes of math anxiety can be deten^ined and treated. 

Similar clinics wjiich would alsp deal vdth the cognitive aspects of mathemat- 
ics anxiety Vould be a welcome addition to the teacher education program. An 
important ftincti'on of the math clinic would be to persuade teachers, learners, 
and those who make educational policy that ••mathematical abilities are accessible 
by the majority, if properly taught and if accompanied by^e right kinds of sup- 
port." (eTrTtese dinics would serve the future teacher by strengthening individual 
mathematical y/eaknesses and filling 'in the gaps of the teachers' mathematical 
background. The eipphasis would be on understanding mathematical concepts, 
operations^* and procedures. . 

Individualization / > 

Our philosophy of education in the past was based on the liberal arts. At. 
present we have a philospphy of education which could be termed ••economic" 
Asince we.are eve^concemed with the^coriomy of time, effort, and finances. There 
are indications m around us that the educational philosophy of the future will be 
humanistic. The curriculum will be individualized with special^ attention giyen^to 
the Unique goals and needs of each learner. As individualization becomes a more 
prominent element in the mosaic of education, teacher education institutions 
must begin to teach the observational techniques by >Vhich a childVjndlvidual 
cognitive style caabe determined. Such a determination wiU not only allow learn- 
ing experiences to be customized for the student by the teacher, but it will alsp. 
give the child the self-knowledge to allow a choice of activities in the cognitive 
modes 6esJ suited to eai;h learner. ^ ^ 

Teachers will need to know the language and symbolism required to prepare, 
"^terpret, and utilize the child's cognitive map. They will need to diagnose the, 

strengths and v^^aknesses of each child and to communicate phShomena and prob- ^ 
* lems in exact and precise terms. Teacher education curricula will need to include 
sojne form of educational science, i.e., symbols and terminology similar to the 
cognitive ;style mapping symbols and their meanings pioneered by Dr. Joseph Hill 
, <>f Giakiand Community College in Bloomfield Hills, Michigan (4). . 

Another related phase of individualization is the diagnosis and prescriptive 
remediation of a student's rnathematical difficulties. A harbinger of this thrust 
was the initiation in 1977 of a national organi^tio|i of educators, -the Research 
Council for Diagnostic and Prescriptive MatheinatiK. Teacher educators need to 
be attentive to the work of this'Prg'anization so that they may incori)orate into 
tltieir programs tjie techniques and procedures needed by classroom teachers to 
successfully determine student difficulties and to prescribe effective remediation. 



Learning Theory 

Models of mathematics methods courses are as varied as the number of teach- 
er education institutions in which they are taught. A common denomin^or 
among these methods courses should be the translation of the research results of 
learning theorists into teaching methods. Yet, although the namife of Piaget, 
Gagne and Bloom are familiar to njost teachers, and their theories are explained 
and discussed, there is little evidence of the application of these theories in th» 
classroom. Primary and elementary school teachers have attempted to apply these 
theories to some degree; but the as yet unmet challenge is the^implemehtation of 
these theories in secondary schopl mathematics methods cdurses. Across the 

„ nation we find the lecture method prevalent in^secondaiy school mathematics 
classrooms.. Students remain passive. Jean Piaget spoke to this situation when he 
addressed the Second International Congress on Mathematical Education at the 
University of EXeter 'in 1972: **It would be a great mistake, particularly in- math- 
ematical education, to neglect the role of actions and to always remain on the 
level 6f language. . . .Activity with objects is. indispensable to the comprehension 
of arithmetical as well as geometrical relations'. . (5:80) We have seen little 
change in secondary school mathematics ipethods courses resulting ^om this state- 

jment. • » • ^ - 

^ Although some educators complain that educational research is concentrated 
on young children apd little of Jt is appli(j!able to secondary school students qr to. 
adults, Robert Gagne makes tri| point th^t |earriing is a human^ activity^ whicli 
occws from - the cradle to the grave. As he defines it, "Learning is a change in 
human disposition or capaWlity^ which can be retained, and which is not simply 
ascribed to the process 6f growth.''' (3:8) The Conditions of learning presented by 
Gagne are not unique to children but are applicable to all leaiTiing. We may dis- 
cusis these coi}ditions in our learning theory class, but we have not allowed them 
to penetrate the mathematics methods courses. 

A frequently overiooked element in teacher education programs is the tech- 
nique of questioning. This technique is obviously important to the guided-discov- 
ery approach. Little attention, however, has been given to the level of questioning 
in the classroom. Utilizing Bloom's taxononty, the knowledge, comprehension, 
and application levels of questioning occur frequently in the classroom (1 :271-77>\ 
The analysis, synthesis, , and evaluation levels of qufestioning are seldom demon- 
strated or examined iri^/education courses and therefore remain unused in the 
classroom. , . 

Clinical and Field-Based Experiences ■ 

■ ■. • • ■ ■ ■ j /• 

Early clinkal and field-based experiences for teacher education students 
must be an intggfel part of the teacher education curriculum. The future teacher, 
under direction and, supervision, needs a variety of experiences with children, 
fte^ttably some teachers have their first contact with children in a^rofessional 
role when they begin their student-teaching experience, this is too late. The 
teacher needs to have such experiences in a one-to-one tutorial situation, and in i 
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bofii small gtoup'and large group teaching situations eariy in the teacher educa- 
tion- program. Experiences with children heed to be frequent and graduated in the 
^gree of responsibility placed upon the teacher education student. As in the 
introduction of sqme npv/ teaching-learning tool in the classroom, "free play" 
time is impdrtant; such time should be given to the futureHeafclter to spend with,, 
children. * . , ^ 

Children may be foimd at laboratory schools such as the University School 
Qfi the campus of Ken,t Stite University in Kent, Ohio; or in elementary schools 
in the ar6a surrounding the campus as in the Methods Experience Project at Bowl- 
ing Green University, Bowling'Green, Ohio: Where such facilities, are not available, 
children from the families of teachers and faculty niembers could bfe brbugjit to 
the campus. However it is dbne^eariy clinic^ and field-based experience for the 
' prospective ^eacher must be provided.^ • v * ^ ^. ^ 

^ FSculty . V • ; . . :■ 

* ^; The Guidelines for the Preparation of Teadiers of Mathematics states, "All 
faculty members should have the knowledge, competencies and attitudes described 
in the foregoing sections, entitled ^Academic arid Professional Knowledge' and 

' ^Professional Competencies arid Attitu^.'" (2:23) This directive is usually fol- 
lowed religioiKay; The foll6\s^g sentence, however, although equally impoi^ant, 
is tQO often i^orei: •*They [all faculty members] shdiild have appropriate con- 

' tinuing experiences ih; Schools." (2:23) When this recomhiendation was men- 
tioned at a recent national meeting of the National Council of Teachers of Math- 
ematics, the speaker drew enthusiastic apphuse from the teacher-audience: The ^ 
implication would , seem td be that teachers feel that their professors in teacher 
education iftstitutions arS out of touch with the realities in the field; that there 
is still a wide gap between what is taught in the education Classroom and what is 
happening in the primary, elementary, and secondary school .classroom. A some- 
what revolutionary but effective means for keeping the teacher education faculty 
in touch yntii these realities would 'b« a required one-semester professional fuF- 

' lough provided every five years. Such a semester would be spent by the faculty 
member teaching in an elementary or secondary school. A periodic return to the 
"front lines'' would be an enrichment experience for the facuUy member. It 
would also deepen the faith of the teacher education student in the faculty. , 

. Evaluation 

finally, an essential element'of a vibrant, relevant, and effective teacher edu- 
cation program is formative evaluation. "The faculty of a teacher-education insti- 
tution should. . .plan programs to evaluate t^e graduates of the teacher-prepara- 
tipn prograjns with a view' to improving those programs through long-range plan-* 
mng based on continued evaluation." (2:28, 29) An important aspect of this eval- 
uation would includej*the advice of all individuals interested in 'improving schiwls 
(including experienced teaphers, administrators, university faculty members, stu- * 
. dents, and other dtizens). . (2:28) Itjs encouraging to note.tftat the rfecently 
released position statement ;;^>ioint coipmittee ojf the Mathematical Association 
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of America and the National Council of Teachers of Mathematics was based upon 
• . the strongest consensus of consultations with secondary school and college teach^ 
ers in various parts of the country (7). Hopefully there will be future examples of 
such collegiality. 

Conclusion' ^ 

'We/will continue to be challenged by critical statements in the press; stopgap 
; Aea^ures will be taken Jj* attempt to pacify the public; but students' classroom ' 
' performance may not improve. Our hope lies in the education community and its 
I ■ willingness to rwork for, accept; and support th^' changes which must be made in- 
teacher education institutions. .{ 
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SPECinCATIONS FOR THE TRAINING OF A TEACHER 
OF GENERAL MATHEMATICS IN JUNIOR AND SENIOR HIGH SCHOOLS. 
A Recommendation of the Michigan Council of Teachers of Mathematics 
Directed to the Teacher Training Institutions of Michigan 

• V ■ • ' ' 

F>ank Rogers, Consultant in Mathematics, 
Lansing School District, Lansing, Michigan 



In the 1972-73 and 1973-74 school years, a seventeen-member committee 
of the Michigan Council Teachers of Mathematics (MCTM) worked at length 
to develop specifications for a Teacher Training Proposal wh^ch would deal with 
certain assumptions... The proposal, which presented in this chapter in its 
entirety, is based on these assumptions: 

1 . The single most important skill in mathematics remediation work is tl>e 
ability to help students to tead a mathenl5tics;book. Hence, a course, or courses, 
in diagnosds and remediation of^ reading deficiencies is a must for pre-service sec- 
s^ndary mathematics teachers. \ 

' V ■' ■ 

2. Every secondary mathematics teacher can expect to teach several sections 
f general mathematics classes, particularly during the first years of taBching. 
urther, with large numbers of teachers being hired in large urban school districts, 

it is important for pre-service teachers to spend time in urban general math classes 
^with large numbers of minority students and many students who are disinterested 
nd who may be discipline problems.\ 

3. The college mathematics classes most valuable to many senior high and to 
all junior high mathematics teachers are the content methodological work and the 
pre-calculus l^Vel mathematics classes. Further, new content areas, including prolr- 
ability and computer programming, are more important in high school mathemat- 
ics work than the traditional calculus-analysis classes. 

■ J ■ I ■ ■ • • ■ 

4. Many elementary teachers do a better job of teaching children, managing 
ffiUttiple groups for instruction, and taking' into account the psychological needs 
of the students in their care than their peeris who are teaching secondary mathe- 
matics. Hence, pre-service mathematics teachers should spend sometime in upper 
elementary classrooms learning the teaching aiid management skills possessed by 
these elementary teachers. - i - 

^ ; • ■ \ ■ ' . . ■ - , . 

5. Not only do"^ pre-service teachers need to spend time in elementary class- 
rooms, but they need to spend more //me than tiie traditional one teim/semester ^ 
student teaching model in classrooms of the typc^ they expect to teach. Our com- 
mittee concurs with the NACOME report {\ 'M)^^hat earlier field experience be 
incorporated into pre-service teacher education programs. In fact, our report 
specifically recommends 345 clock hours of pre-service contact with students in 



elementary, junior high, and senior high school math classrooms, for sophomore, 
junior, and senior levdl mathematics education majors. " 

* ■ 

6. Since the value of pre-service experience will depend heavily on the com- 
petence of the cooperating teacher in the school and thd recency of experience of 
the .university personnel who cbordinate and follow up these pre-service in^sehool 
experiences, there is a need to carefully describe these people from i quality and 
experiential point of view. Our report speaks to this recency of experience of uni- 
versity teacherTahd coordinating staff in ^-1 2 classrooms of the level and type in 
which their student^will be working. We have named these staff positions "Qini- 
cal Professors." ^ . 

In addition to these assumptions, the committee presented the follo#ing 
overview to the^CTM Teacher Training Proposal: 

\ ■ ' ' ■ 

) Teacher draining immat hematics requires, and will coniinueto re- 
quire, many more Jiours of clinical experiences for the pre-service stu- 
dent. By clinical experiences is meant on-the-job exposure to real stu- " 
dents at the grade levels the pre-service students are preparing themselves 
to teacK These experiences are made necessary by ik great increase in 
the number of students whose motivation to learn mathematics is sig- 
nificantly less than that of students in the mathqmatics classes in junior 
" and senior high school of which the prospective teacher was a member. 

To support the additional hours of clinical/ experiences^ the stu- 
dent should have a university staff member who has recent e!xperience 
in the elementary, junior high, or senior high classes, which his/her 
classes are addressing. Further, there will be a need to' reduce the num- 
ber of pure mathematics classes to be completed by the student^ at least 
at the required level, to make time available fdr these clinical experi- 
ences, , . 

* The Xeacher^ training Proposal makes specific suggestions concern- 
ing the structuring of the clinical experiences and scheduling of pure f 
mathematics classes to make time for the clinical experiences. y^' 

* The remainder of this chafer is ievoted to the Veport as it was adopted by\ 
the MCTM Executive Committee^in the spring m 1974 and as it was widely dis? 
semii\ated to teacher training institutions and professional groups of matbfematics 
teachers in Michigan and neighboring states. ^ ■ ' 
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Introduction 

Most teachers of Secondary. Mathematics, grades 7-1% spefn4 the majority«of 
their teaching hours working with students other/ than those studying Second 
Year Algebra, Analysis, or Advanced Placement coujrsQS. 

Nearly all teachers will have at least one Qene^i-al Mathematics class each year 
of their teaching career. * 

Each yea^ a greater ,numbiBr of schools encompass an urban population, or 
one from low socio-economic areas, and/or minority groups. Hen9e, it is appro- 
priate that tedcher training provide experience in/ these types of settings. For these 
reasons, we propose the following teacher trainii;lg program for secondary teachers 
in mathematics. 

I. Clinical Experiences 

A. Each student in this program should participate in carefully supervised 
Clinical Experiences. These experiences will be under the supervision , of 
a Clinical Professor of Mathematics Education, and they will be con- 
ducted v/ith^n a public school but designed to be of value to the trainee, 
the students of the public schools dnd the sponsoring university. These 

^ experiences. ^ould include, but not be limited to, the following compo- 
nents: y 

1. Tutorial Experiences (1-1 teaching) 

2. Small Group Experiences / 

3. Total Qass Teaching Experiences. 

, Afleast one of the total classSeaching experiences shduld be in a sec- 
ondary school with a large proportion of children who come from a low 
social and economic environmeht. , 

• . ^ ■ 

B, Ginical teaching experiences will be arranged so that the trainee has 
experience with students at each of .the following levels: 
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. .1. Grades 3-6 ■ 

2. Grades 6-9 

3. Grades 9-12 - /V 
' a. in a general mathefnatics class 

7- . • b>s^^in college preparatory mathematics classes.' / * 



C. A recdmmended time schedule for the trainee's clinical field-experiences 
is: 



Min. Clock Hn. 


School 


Level 




Experiences ^ 


25 hours 


Elementary 


3^ 


Tutoring or small group instruction 


120 hours 


Middle or Jr. High 


6-9 


Tutoring or small group and^total classy 


120 hours 


Senior Hi^ 


9-12 


Tutoring or small group and total classy 


♦260 hours 


Secondary 


7-12 


Total class and tutoring small group ^ 


3'45/hours total 









* Includes one of the tw6 secondary experiences listed above,.ar a combination of them. 



D. The clinical experiences program will be evaluated on a periodic basis 
by the MCTM Teacher.Training Conunittee, based^n a campus visita- 
tion. A report of this evaluation will be furnished to the participating 
institutions. When necessary, recommendations for the improvement of 
the program will be made by this committee. v 



Minimum Required Courses 

A. TEACHINO OF ELEMENTARY MATHEMATICS (K-6) 

Effeptive techniques in presenting materials, 
planning class activities and creating good 
learning experiences; current problems in a 
modem mathematics curriculum , for this level. 

1 . Methods and Structural Content 

2. Learning Theory as applied to. Elementary 
' School Mathematics 

3. Laboratory in the construction and use^bf 
teaching ayjjSlleanung aids^i 

4. Geometry and Number Concepts 

B. REAWNG PROBLEMS IN THE SECONDARY SCHOOL^J*^-^ 

This>will be a gerleral reading course, but at 
least a segment of it will be devoted to the 
problems associated with reading , in rnathe- 
. matics. 



Stiggelsted Seni. Hrs. 
3 hrs.' 



3 hrs. 



£^Y 3 hrs/ 



C. EDUCATIONAL PSYCHOi 

This course should pbint up the type of prob- 
lems common to most learners at specific age 
levels and emphasize principles and procedures 
that will be helpful in dealing with these prob- 
lems. 

D. TEACHING OF GENERAL MATHEMATICS (7-9)* 3 hrs. 

Effective techniques in presenting materials, 
planning class activities and creating good 
learning experiences; current problems in a 
mathematics cufftculum for this level. 

1. Methods and content structure 

2. Learning theory, as applied to remedial ^ 
mathematics * , 

3. Geometry 

4. "Laboratory in the construction and use of 

Teaching and Learning aids 

£• PROBABILITY ANp STATISTICS " 3 hrS. 

(not necMfatOy depmident on cilcuhu) « 

* . " i • 

This course is to be tau^t experimentally— 

pitobability experiments should be performed, 

data should be ^collected and an&yzed^^^^d ) 

inferences drawn by the students. Somfe con- / , . 

sideration should be given to ways^f present-/ 

ing these topics meaningfully in t|ie middle , 

school/general mathematics class. 

F. MODERN ALGEBRA 3 hrs. 

G. ELEMENTARY NUMBER THEORY COURSE FOR TEACHERS 3 hrs. 

' Topics in the theory of numbers which have 
relation and application to the learning expe- 
riences of students at the elementary and 
secondary school level. Such topics ynU in-v^ 
elude: 

. ■ . , • .J ♦ 



*Thc«e courses are tomiitimes taught above grade 9. 



1 . Ancielit and unusual systems of numera- 
<• tiop \ ^ ^ . 

; 2. Indetenhinate problems . ' 

3. Properties of primes, figurate numbers, 
etc. ' . 

4. Diophantine problems- 

5. Pythagorean Theorem 

6. Modular ^thmetic v 

H. COMPUTER USE H^f MATHEMATICS 3 hrs. 

This might include: 

1. The effect of the Computer on Society 

2. The development and function of the 
Cgpiputer 

3. CAI 

' 4. CMI • 1 . - 

5. Problem So|vmg 

6. Computer Science ^ 

7. Simulation 

8. Flow charting 
.9. A Programming Language 

'<, • ' ■ 

i! V ft^DERN GEOMETRY (a survey come) . 3 hrs. 

A survey course to include Euclidean Geom- 
etry from the synthetic and transformational 
point of view as weU as finite and non-Euclid- , 
ean geometries. ^ ' ( 

HI, Recommended Courses 



A. 


mSTOkV OP MATHEMATICS 






3 hrs. 


B. 


LINEAR ALGEBRA 






3 hrs. 


C. 


^ALCULUS 






4 hrs/ 


D. 


TEACHING OF HIGH SCHOOL MATHEMATICS (9-12) 




3 ljrs> 


E. 


LEARNING DISABILITIES 


4 . 




2 hrs. 
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IV. University Staffing and Structure 

A. Mathematics Content Teacher 1^ 

1. Amemberof the mafheifiatics faculty - 

2. Will teach the mathematics content courses, such as Calculus, Linear 
Algetea, and Modem Geometry, " 



B. Clinical Professor of Mathematics Education (CPME) 



This professor shill have a mathematics background equivalent to at 
least a master's degree, and shall have special assignments which give 

- him regular experience with K-12 students. He engages iri regular 
classroom teaching in the environment for which his trainees are being 
prepared to teach. The Clinical ^Professor's teaching assignments may\ 
include such activities as: , 

I VrW^ing, out experimental materials on a regular basis with children 
2. Developing and participating in laboratory activities with children 

. 3. Conducting action research with children". - • ' 

\ ■ ■ ■ ' 

The Clinical Professor may be a K-12 teacher, under contract to a school 
district. , ^ ^ 

II should be understood that sporadic demonstration teaching or occa- 
sionally making a presentation^ to a school class or cliib does not satisfy 

- the conditions ojF these assignments!.' TTie aim is that'the Clinical Pro- ^ 
f , fessor is in contact periodically with a grcmp or groups of children -on 

a sustained basis. His contact with a particular group of phildren should ^ 
continue through a natural cjrcle in the school year, such as a marking 
period, a quarter, a semester, or a year. 

This activity in the school classroom must have taken place within the 
last five years to ipsiire his currency and familiarity both with current 
^ trends in- education and*w|th problems, attitudes, and interests of cur- 
* \ rent children. A minimum of 10 percent of the Clinical I^fessor's time 

/ within the past five years must have been devoted to such activities. 

„ A faculty member who does not satisfy the K-12, teaching experience 

criterion and who wishes to qualify as a Clinical Professor of Mathe- 
matics Education shall be considered for qualification upon implement- . 
ing a plan which will meet th^requirement. This plan must com- 
pleted within five years. I : 

Examples of combinations? of assignments that satisfy such classl^ca- 
tionare: ' * ■ 

■ . - 47 ■ •■ " ' 
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Within the most recent five-year period, the Clinical Professor partici- 
pates in one'of the above ways irt an appropriate K-12 situation for at 
least: ^ ^ 

1. 6ne semester full time, or 

2. One year half-time, or : - 

3. Two years one-quarter time, or / ; 

4. One and one-half years for two periods per day, or 

5. Two and one-half years for one.period per day. 

The Glinical Professor of Mathematics EdUcsrti^ shall be responsible 
for teaching: / ^ 

1. TEAOimG OF ELEMENTARY MATHEMATICS (K-^) ♦ 

2. TEACHfNG OF GENERAL MATHEMATICS (7-9) ' 

3. TEACHING OF HIGH SCHOOL MATHElifATICS ^ 

Professor of Special Content-Methods Couirses (PSC-M) V . 

This professor sh^ have a mathematical background equivalent to that 
of the CPME. He shall also have special interest,, experience, and com- 
petence in the special courses he is called on to teach. In particular, he 
shall, have the abili^^ to present the material in these courses with, 
appropriate "flavor'* so that future teachers wiU be able to apply their 
knowledge to teaching children in a manne^ similar to the way they ^ 
have been taught. . i* 

This professor shall have the responsibility of teaching\ those courses • 
that are neither background content, nor solely teaching methods, but 
ai^ a blend of these. * - 

Included are: ; 

1. HISTORY OF MATHEMATICS ^ 

2. . NUMBERTHEORY 

3. PROBABiLrrY AND STATiSTics^i>;and perhaps * *t ' 

4. COMPUTER USE IN mathematics / V ^ 
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COlSijIENTS ON A K12 IN-SERVICE COURSE 

* 

^ . Karen Skuldt, Assistant Professor, 

Education Division, University of Wisconsin-Pfirkside, " 
Kenosha, Wisconsin 

< 

"These kids don't know any math at all. What;i<rfhose teachers do do\yn 
there?'' This common compladnt is heard at all lev(^-middle school, junior high 
school,, senior high school, even college. An important aspect of mathematics' 
teacher education which rarely gets adequate attention is articulation of elemen- 
tary and secondary programs. This chapter deals with a description of a graduate 
in-service workshop course. Perspectives in Mathematics Education K'I2, in which 
elementary and secondary teachers explore mutual concems and issues regarding 
the teaching of mathematics. Most elementary teachers^know little, if anything, 
about the mathematics progi^s their students will move into next. Secondary 
teachers tend also to be unaware of current content and practices in elementary 
mathematics programs. It seems that formalized opportunities for dialogue among 
teachers at different levels are needed to provide a setting in which teachers can 
gain a broader perspective of the entire K-12 mathematics experience^ and thus 
develop a better idea of how the part with which they work fits'into the whole. 
Such opportunities also allow the realization that many issues and trends tran- 
' scend that wide, imagined g:ulf between elementary and secondary schools. 

• - ■' ' 

With these considerations in mind, a gra^duate level workshop course^ was 

designed. It provides a forum for in-service elementary and secondary mathemat- 
,y ics teachers to share their experiences and concems while studying issues and 
•Sirends in and materials for the teaching of mathematics. This course helps teach- 
ers reopgnize many common concems and problems in the teaching of mathe- 
matics at ail levels, regardless of actual content taught. It also gives some apprecia- . 
tion of the details of sequence ,and the place of each teacher's efforts in the entire 
mathematical experience a student may encounter in school. ^ 

Individual class members' interest^, experiences, ^strations, and access to 
resources affect the focus of the course which has been somewhat different each 
time it was tatight. Another factor is the ratio of elementary and secondary teach- 
ers; the gdal^ were best met when there was a'fairly even mix. On the basis of the 
title, this ma^matics education course is likely to attract secondary teachers. 
Elementaiy teachers who really know, the sequencing 5f elementary prpgr^s and 
the difficulties children have are also important members of the group. Their testi- 
mony is very convincing to secondary teachers who tend to gain a new respect for 
the complexities of teaching elementary school mathematics and for the large- 
number of skills which its teachers developed. 



* The author was involved with this course whSe an assistant professor in the Division ot Edu- 
cational Studies at the State University College of Arts and Science, Geneseo, New Vork. 



The course be^s with a session to establish the concerns of class menibers. 
Each time the course was taught, almost all the topics predicted by the instructor 
were expressed in some way in the questions and issues raised. A com'^lation of 
.someof these questions and topics isincluded. ' . 

Regarding the modem versus traditional question- ' 

^ • Why modem nAth? 

• • How much exSferimentation was done Ijefore the new math was ac* 
cepted? ^ \^ . , 

• A problem in secondary schools ^seems to be that students do not even 
know basics! * ^ - 

J'- • .How much mat4i theory should kids have as opposed to rote leaming? 

• Why 'should the student know the reason for everything? 

• What's wron/ with memorization? Why won't the answer to "why" 
come later? ^ / , 

• Why isn't it acceptable to use fingers or count dotsof a 'child can achieve 
the correct answer? 

• Why don't kids know basic facts after eight years of school? 

• Why c^'t kids levn how to divide Cdivision theory, mental divisionT? 
. • Why do we teach different Ibases (base 5, base 2, etc.)?- ' ■ 

• How can one relate math to other .areas such as physical education, ^ 
music, and art? ' 

Regarding individual needs- * ^ , 

• A dilemma when stud en^ts are heterogeneously grouped: Ifp^fglets the 
upper track students work independently (leam class wmc and extra) 
and get used to being motivated instead of being slightly bored, there is 

^ • the danger of being greatly bored in the next grade (when they will be 
made to work with the class reiearniM what they leamed independ- 
ently). It seems the only altemative is fo just let them coiitinue to be 
- / sUghtly bored anrdunmotivated iU the way through school! 

• Hdw do you motivate the older kids? the slower students'' ' 

• • How might one go about setting up and developing an independent 
study math lab? ^ 



• How do you set up a jprogram of individualized instruction? for eiftrich- 
ment? for slow leaifherp? What materials and resources are available? 

>( 

• Is there a value in departmentalizing in elementary schools? 
Regarding curricular organization— 

• Do math texts Apect children to hav^ other skills, such as reading?. 

• A problem with the state achievement tests for elementary school 
mathematics is that they expect children to be able to read! 

• Should you teach~Tor mastery before moving on to a new concept? Or 
should ybii just move a child on and forget what is not known? 

' • Are we exposing children to too, many concepts before they have 
grasped eVen one? 

' • What are ^alternatives to a curriculum for slow learners in junior high 
school mathematics? 

• How can the state syllabus be changed? 
» Does test anxiety affect<test validity? 

Regarding instructional methods— 

• What types of hardware and* software materials^ could one use for stu- 
dents' with visual and auditory perceptual problem's pertaining to con- 
crete and abstract concepts? , ' 

' ■ ■ , . • ■ 

• Need^fi- ideas for motivating slow learners at each level 

• Do children itjeed more exposure to concrete approaches before they 
shoiUd be exifected to think abstractly? • 

• What instnictioiial aids and filmstrips .rare available for\he d^Perent 
math areas? v ^ 

- • What are the techniques for teaching division? \ 

» ■ ■ <» 

• Needed: math activities' and games for seventh and eighth grade stu- 
(Jents. ; ' 

• Will games teach mathematics? What games? . ' ' 

• Needed : methods of introdjicing and applyin'g the metric system. , p 
/• How might calculators be used in the classroom? 



TTiese questions provided focus for materials and activities used at each class 
session- aS:^eU as fot discussion. Backgrdtand and current information provided 
by tlie instructor and by readings about sudi topics as the National^Assessment pf 
pducationat' Progress, the modem versus/traditional" controversy, back-^V> basics 
movement, classrQom use of fiand-held(^5ulators, computer usage, and innova- 
\ tive programs in operation, as well as student-provided ^-esources, fit well into this 
fomiat. TTie sharing of experiejice and expertise among class members led to inter- 
esting and une^pepted area?. Of couree; it also provided soli^ information for 
many of the topics. Illustra^ons of several thought-provoking sessions and activi- 
,ties which were created by qlass membe^^ are briefly described here.. 

■ ■ ■ ' • <» • . " ' 

• A survey was designed which reqmred one to identjfy t^ie grade level at 
which a particular skill was introduced. (The New York* state. syllabi 
were used as the key, since some variability would oscur- across text 

^ series.) ^ * 

• Elementary art and music teachers demonstrated ways in Vhich they 
incorporated mathematical ideas in their teaching. 

^ A member pf a three-gounty curriculum committee (who happened to 
be enroUed) shared the product as well as the process and issues involved, 
in producing it. ' . 

• As a result .of seeing the Madison Project movie, A Lesson with Second^ 
^ ; Graders, 3. secondary teacher questioned whether second graders coui^:' 

do such work with si^ed numbers and: coordinate geometry. Second 
grade teachers in the class also- differed in their opinions. The second- 
ary teacher borrowed 4 seCond,^de class, worked with them, arid 
reported back witlj positive results and amazed respect for young chil- 
dren's abilities. • 

• Small coriiputers were demonstrated and ideas for activities shared. 

• A second grade teacher (also-enrolled), who is extensively involved with 
using and sharing teacher-made aids on the state and natipnal levels, pro- 
vided a, wealth of inspiration and information during a show and tell 
session. : . 

• A v^ety of readability measures was applied to texts. 

This workshop format for combined groups of in-service ejejnefttary* and 
secondary teachers, was* quite successful. The fact that it drew many' teachers to 
enroll whicHiad ho need to Accumulate graduate credit may be view^^d as some 
indication a need for such a course. In addition- to achieving the go^ls'jDf the 
course,^j^ecific needs of individual class meriibers were met as well, t^e most 
rewardinjg outcomes were that elementary teacheii appeared*to gain^'contidence in 
their abilities regarding the teaching of mathematics and that secondary teachers 
seemed to^develop a new-found respect for elementary^chool m^thenmlics, ele- 
mentary teachers, and the abilities of all students. ' ^; 
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. . "In American. Schools today, / .at the high school level, about 9 million stu- 
dOTt^^are enrolIed'^in^ hundreds of different special courses ranging^from remedial 
arithmetic and elemi^taiy algebra to cortiputer science and calculus. These stu- 
dents are tayght by at leaist 75,000 different teachers-most specialists in mathe- 
matics, [but. . .with widely varying abilities, objectives, and methods for mathe- 
matics instruction.** (16:iii)r / • ' ' ^ 

Npt only: do the teachers, have "widely varying abilities, objectives, and 
inethqds,** so also do the students they are asked to teach. Too often the bisgm- 
ning teacher is ill-prepared for\the atuatidh found in the modern inner-city 
school. The ^oblems present themselves in oyerwhelmiug fashion. Most areciidt 
simply problems of what to teach or how to get a ditto mastei^ run off. It is true 

„that these can l)e^prpblems; however, they were dealt with. during tl^e pre-service 

' training program* \ , ^ 

The fpHowing case study illustrates the problems our beginning teacHfer may 
face an4 must overcome. - \ 

I I was a student in a Small midxyest high school who, found it 
^ extremely easy to excel in the academic arena. My family life was i 
^ reasonably comfortable, but there was-^o preS!St{re to push me toward 
(Allege, My high school advisor practically forced nie'^o take the 
^ ■ College Board Ejcams fo^ the Nationhl Merit Scholar Program where I \ 
scored high enough to be a finalist and was offered scholarships at a , 
number of prestigious colleges and universities across tfie dountry. 

^My choice was an elite, private college B^the midwest where J ^ 
received an excellent training in the arts tradition. My major was 
mathematS€S,^nd I fdund it easy tS acquire minors in English, German, 
Gweral Science, and Education. The mathematics rhajor included the 
usu(^ courses in College Algebra and Trigonometry, Analytic Geom- 
~ etry and Cdliculus. The upper division courses consisted 6f advanced 
Calculus, Probability and Statistics, foundations of Mathematics, 
\ ^ Abstract Algebra, Modern Giiometry, and a course in Logic and th^^ 
Scientific Method. sThe minor in education included :^irm 
Education,: Psydhblogy, Psychology of the*A^dolescehi, 'Methdids of •'y 
; Teaching (Matherpatics), and Student Jefachin^. The students inmy 
' jstttdent teaching" cUu/s^s at the local higlh^chool of a srh^^^j^ " 

town had reasd^miyhomhge^ 
>• ■ «' '• 

Up to^' this point, 'e^erythirig was going w^^ 
^pleased with my ptogre^ and the students in my classes*\wetV 




well I had no indication of the. pain and anguish I would experience 
• only a few short months hence. • 

^ I^^^as interviewed by representatives of 15 - to 20 schools who came 
: to my college. (At this time there was a significant shortage ofmdthe- 
:\.matics teachers.) I chosS the most attractive of several direct contract 
:^ offers-a junior high school in Berkeley, California/ 

« Waiard Junior High in the e^rly f960s offered a f lassie example of 
de facto integratthn. Ijs raciai balance matched that of the city ^45 per- 
^,cent Black, 45 percent White, 10 percent other. Indeed, Willard Junior 

, High Was used as a mSel for q numtier of federal court desegregation 
orders. The educational model implemented was homogeheous group- 
ing^qt each of the seventh,^ eig^fh, and ninth grades. fhe^use oflQ, 

. scores and previous grades alloy/ed grouping into seven tracks in the^ 
"seventhr.and eighth grades' and 'five in the ninth grade. As might be 
expected, this caused a school which was perfectly integrated to the 
casual observer to be almost completely segregated. The three lowest 

" tracks at the seventh and eighth grade levels were 95 percent Blqck, and 
the thnee highest tracks were 95 percent Whjte. Only in the middle 
tracks did one find a modiodfn of integrctttori. 

, As a first-year teacher, I was assigned to fp 'ur bottom elates and 
one mlddle-the ones the experienced teathers didn't care to teach!! 
For me it was an extreme case 6f "culfurei shock. " How do you respond 

^when the manager of the local Five and Dime comes to the principal 
, and accuses you of encouraging shoplifting? I suppose I did. After all, 
J told one seventh grade clUss they each had to bring their corripass and 
protractor the next iSkt)^^ And how Ho you deal with the 

eighth grade girl who cofn^s Mo class and cusses you updone side and 
down the o ther for giving hersevehih grade brother an F on his test, for 
which he was, slapp^ed around at home by their stepfather? Or what 
about the seventh grade girl who is so tired she sleeps through your first 
period class at least three days a week? UpiM questioning, she confides 

. that her mother has left with another man and shehas^ been supporting 
two sisters: qnd a little brother by streetwalkifig. I was ready to quit sev- 
eral times in the first semester, the principal was understanding and 
allowed me to vent my anger, fears, and frustrations, and found ways to 

help me over each rough spot as it appeared. " 

. ' • ■ ■ /■ , ■ * ' ' '. ■ 

Most, of these were not academic problems. Rather, thej^had 
Isochl, ecopanjic, or psy chological roots. Many of them were foreign to 
me. I had no knowledge of them in my home town orxollege training. 
This caused my/^rst yeqr to be indeed "cyi the fol} training;" It was not 
good for my students, and it mostjcertainly wasm't good for me: There 
is enough to be learned in dealing with studer^on your own for the 
^ first time so that no time should be .required for such learning expert- 
eriees. 
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y^The problems suggested by the case study are not the only ones facing teach- 
er/today» The job market is exceedingly tight. In many areas school populations 
are down or are decreasing. This leads to declining fiscal support and school 
retrencRing. Increased restrictions are imposed by state and local govemn^ents. 
Many changes in form for teachers as well as for students and administrators will 
be occasioned by the implementation of competency-based teacher education 
(CBTE), the use of calculators and computers, and an increased emphasis on prob- 
lem-solving and applications in the mathematics classroom. 

In a 1974 study undertaken for HEW, Carroll and Ryder at the Ranjt Corpo- 
ration predicted an overeupply of teachers through 1980. They developed a new 
model which suggests that other forecasts of overproduction may be rather signif- 
icantly too pessimistic. JVhile Carroll and Ryder predict an oversupply through 
1980, they observe that "it will be paralleled by declining nidribers of new teach- 
ers in the 1970s. Thus, when the oversupply ends they believe ••the inertia in the 
system will lead to the almost immediate on-set of a substantial and lengthy 
teacher shortage." (7: 103) 

The legislature of Colorado has passed a law that all state expenditures will 
be cut b/ 5 percent for fiscal 1977; after that they will be increased only at t^ , 
rate the population increases This applies to state support for education as^ll 
as other state enterprises. The Colorado State Department of Education has insti- 
tuted a requirement that all secondaiy teachers must have a course in the teaching . 
of reading in the content areas. This is deagned to provide for the student who 
would otherwise slip through the cracks of the system and emerge with functional 
illiteracy. ( . . - 

Another area wrare there is outside pressure for change is in competency- 
based teacher education <CBTE). This pressure is coming from state departments 
oi^ducatidn. In 1974, a survey of state-level activities on CBTE was conducted 
by\hp Multi-State Consortium on Performance-Based Teacher Education (PBTE). 
This survey foup^tKaTln-the 50 states and the District of Columbia: 5 have some 
form of comi^ency-based certification in use; 23, report some definite official 
action already taken to move toward CBtE or competency certification; 23 
report they are in some stage of investigating or studying the concept (18). 

There is a good bit of controversy circulating about the concepts of CBTE 
and -PBTE. They are being implemented to satisfy the need for accountability 
being expressed in education. Critics say they do not account for many skills, 
interactions, and concepts, which are hot easily quantified. There ns also a very 
limited resesirch base to(support the ideas. Heath and Nielson believe that "an 
analysis of me research on the relation between si^ecific teacher skills and stu- 
dent achievement fails tqf reveal an empirical basis fpr performance-based teacher 
education." (9) They further state that the PBTE model "Ifenores what is to be 
taught. . .[and] the model •igpores v^ho is to be taught." These are strong state- 
ments; nevertheless states are moving ah^ad with their implementation of CBTE 
or PBTE. ' ^ 
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Today's teacher must deal with problems and opportunities which were 
rarely considered or nevei* thought of as recently a$ a decade ago. The computer 
and electronic calculator have come of age. Metrication is a vital issue which must 
become second nature. The ideas of problem-solving and miathematical modeling 
have often been given lip service, but are now forcing themselves on the teaching 
community. ' ^ ^ 

The rapid growth in the field of computer technology leads to the question, 
"How caa we best use it in the public school?" Several options are available. The 
first is as a data management tool. In this role it is possible to offer individualized 
instruction by having the computer keep track^f what the student has learned 
Y^^B^id What he/she has yet to learn. Jhe computer cW^p t^st, store, arid generally 
lajjeyiate an. enormous clerical problem for the teacher. Baker has reviewed a num- 
ber of such applications and^elieves that their "promise far exceeds the present 
accomplishment." (3) 

Another option for computer use is^as an indefatigable tutor. Computer 
V assisted instruction (CAI) is another Way to off^f individualized instruction. Gibb 
. notes that i*the immediate feedback ahd the undivided attention that the machine 
can give. . .may be the criticil need of an individual student at any given time." (8) 
, While most teachers would be happy to have the^manageinent aspect available, 
some wQpid feel threatened by the tutorial laspect. The tutorial mode can appear 
to take from the teacher a primary function. However, the computer is "dumb"; 
while it has a prodigious memory, it requires a dedicatedji^acher to ^ provide ^ 
**much time, creative thoUght, and enei^gy. . .to instruct [itj so it, in turn, can 
instruct its students." (8) > 

A third computer use is as a very fast cdi^putational device for studlents. 
Kieren, McGuire, and Allison each indicate ways the computer can be used inVhe 
classroom (11, 13, IX All re«iuire a programming language: either BASIC or 
FORTRAN. Atchison notes that "Marvin Minsky in his 1970 ACM Turing Lec- 
ture remarked that eventually programming itself will become more important 
even than mathematics in early education." Thus students caii use the computer 

; as a tool to (levelop "their ability to think, plan, create^ and organize for them- 
selves." (2) , 

' ' ' ^ y . 

The teacher is an important p^ of each of these applications." Kieren offers ' 
a model for implementation of the computer in aiding instruction. He observes 
"^that "effectiveness is highly dependent on human planning. . . ." (1 1) This plan- 
ning can only be carried out by a person familiar with the computer-its capabili-^ 
ties and its limitations. Such familiarity comes from working with a computer; 
it can be acquirtd in formal coursewprk taken by the pre-service teacher. 

The electronic calculator has made instant, low-cost, arithmetic accuracy 
avaUahfe to everyorie. There is still much disagreement as to its place in the 'class- 
room/ Several pros ^d cons are discussed by Machlowitz, but it seems clear that 
the electrorifc calculator is here to stay (14). Many materials are being writterilTor 
classroom use and soipe research ha^ been carried out to validate procedures. 
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Although reseaix:h is inconclusive at this time, it seems to say that the use.of the 
electrojcdcgealculator doesn't hinder the learning of mathematics (5, 6). 

The implementation of the. metric, system or /'metrication" has elicited a 
Mnsiderable amount of discussion. The November 1974 issue of The Matfiematics 
Teacher has several articles dealuig with this arpa of concern. Since matliematics 
teachers at all levels will carry the main load in furthering metrication, they will 
find espedally useful a metric bibliography prepared by/ Stuart C Choate as 
part of the Work of the Metric Implementation Committee of the National Council 
^oS Teachers of Mathematics (NCTM). Even now textbooks are available at the/ele- 
mentary level which deal exclusively with SI (Systeme International d'l^'tes) 
units of measure (20). ' 

Problem-solving ailli mathematical' modeling may oe the most important 
aspect? of today's mathematics education. Ttoutman and Lichtenburg (19) d^cry 
the practice of giving "handout sheets of problem after problem where the *prob- 

^ lem' IS, a computation to be carried out and the 'answer' is recorded above, below, 
or on the line." They would have teachers provide realistic "situations that have 
to be interpreted and that need some structure imposed on them. More often thai^ 
not, that structure involves a mathematical model. '^ .Part of problem-solving is 
"problem-posing." Various problem-posing strategies are- proposed.by Brown and 
are illustrated in the context oV the golden rectangle of ancient Greece (4). This is 
very similar to the emphasis given by G. Polyd^in his little book. How toSolve It 
(17). Unfortunately, a teacher very often has not had these approaches modeled 
in any undergraduate mathematics class and 'will find it difficult t© implement 

. them without specific training. - 

"Published recent data on the requirements in matl\ematics and mathjematics 
teaching methodology of pre-service teacher education programs are non-existent.-" « 
(16:81) While this was generally t|^e in the area of secondary mathematics edu- 
cation up until 1975, a study by McCowan in 1975 and another by Johnson and 
Byars in 1977 have helped to^ fill the gap (12, 10). Both studies determined to 
what extent colleges and universities met the Level III recommendations of the 
Committee on the Undergraduate Program in Mathematics (CUPM). These recom- 
mendations include the tollo^ying requirements: three (semester) courses in calcu- 
lus, one course in real analyst, two courses in algebra, one course in probability 
and statistics, one course in geometry, one course in computing. Bbth studies dis- 
covered that not all schools met all recommeridafio^s; In fact,, McCowan found, 
that no schools in his survey required all recommerided courses. He feels that 
teacher preparation falls 'Tar short of recommendations. ^ .of CUPM." It is 
encouraging to note, however, that Johnson arij^ Byars found that 69 percent of 
thcJir respondents "eridorse^ the CUPM recommeli'dations." Indeed many of these 
r^spdndents indicated they were working toward closer conformity with these 
recommendations. 

The pre-service program for secondary mathematics teachers at Metropolitan'^ 
State (College (MSC) was designed to alleviate many of the problems outlined (1 5). 
MSC has defined three co;nponentsJ, for the. program of teacher education. The 



first part of the curriculum, general education, includes courses in communica- 
tions, humanities, and natural and behavioral sciences. It is designed to allow 
* teachers **to serve as models of educated persons." 

■* ' . , ' ' ' . f 

' The second part is ihe teaching major. The Secondary Education Program in 
Mathematics is offered through the Department of Mathematical Sciences. CUPM 
Level IILjecommendatidns were fo&owed in ^eat measure to determine require- 
ments for the major. Thus,* the following courses are reqiiired: 

^ 1 . Two semesters of calculus with analytic geometry 
• 2. One semester of proofs and abstract mathematics 
3. One semesteij of computer science 
• 4. One-semester of^^tract algebra 

5. One semester of probability and statistics 

6. One semester of history of mathematics 

7. One semester of foundations of geometry 

8. One semester of methods of teaching mathematics 

In addition, the prospective teacher must take two more courses. These are 
usually chosen from calculus, number theory, linear algebra, statistics,*^ and com- 
puter scienc(f. A 

-The major as presented is designed to reach^several goals. First, it gives the 
prospective teacher a solid base for teaching Aostof the courses in the secondary 
school. The proofs and abstract mathematics course is required of all mathematics 
majors and gives the telbher candidate an opportunity to "do real mathematics." 
Only the history, geometry, and methods courses were designed specifically for 
the Secondary Education Program. About one-third of the students in the history 
and geometry, classes are majoring in other areas of mathematics and take these 
coulees as electives. , ^ / 

A second goal is to prepare the teachef to the extent that graduate work in 
mathematics is a real possibility. In "fact, several of our teacher candidates have 
decided to obtain a master's degree before teachmg. Colorado also requires on- 
going education for recertification purposes. Graduate-level mathematics courses 
are accessible to our graduates. ' ^ 

A few of our teacher education majors decide, either before or after gradu- 
ation, th^t^ey will not teach. The program as .presented allows them to pursue 
other (iareer goals with relatively little additional coursework, Other students find 
that teaching is not "their cup of tea" after being in the field for some time. They 
also hqve a good base to work from in a retraining Effort. 

The methods course is designed to make the student aware of professional 
aspects of the teaching of secondary mathematics. Topics from the history, of 
teaching matliijjmatics are covered with emphasis on the period from 19Q0 to the 
present. Leai^g theories as they apply to teaching mathematics are discussed. 
This allows each ^student (b develop and formalize a personal theory of teaching. 
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Ordering and pacing of material and evaluation are considered in the light of this 
theory. Various audiovisual capabilities are developed. Studfnts are asked to cre- 



ate an overhead projector set for»a daily lesson^ They pre 
^for self-help. They give*three class presentations of lO-f^ 
forces them to organize their material miich bfet^ter 
presentation might. One of these presentationjjji^w^ 
chance to pick up problems in speaking before/a^'grc 
otherwise become aware. Each creates an ^nnotateif^ 
mathematics library. In addition, each tutors at 
week for the semester. All this is acme with a view 
student-teaching experience and, more important^, a^ 
experience: . 



The final component pf the MSC program 'is the 



education^ourses. This consists of clinical and labor^ 
as classroom Ijectures and seminars Which are givei 



tor 
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^blocks. The first block isr theory and priac^ce of sociaT 
pndary schools. Here the clinical aspect in the public schb^ 
dates to deal with problem^ and needs of adolescents from •diverg'e ethnic and cul 
tural backgrounds. The next block deals with the theory of the psychological and 
physiological bases of secondary education. This allows the teacher to develop a 
theory of learning and strategies for the "exceptional" child in the classroom. Th^ 
final block is a group of three courses in the4)rocesses of education. This segment 
includes general materials and techniques, and the use of media in the classroom.. 
It also includes a laboratory experience in the community schools wherevthe stu- 
dent is asked to tutor in an individual and small group situation. 

After all coursework is completed, the student-teaching experience is taken 
. in an accredited public or private secondary school. Here increasing responsibility 
is taken for teachiijg, supervision, and direction of an identified group of learners. 
This is the final supervised experience before the teaching credential is awarded. 

In addition to required courses and formal work toward the bachelor's 
degree, all teacher candidates must complete at least 200 clock hours of volunteer 
work.' Candidates work with a4olescents in the age bracket they intend to teach. 
^Volunteer work may be accomplished with groups such as Boy Scouts, Girl 
"Steouts, church groups, volunteer tutor programs and similar activities. It is to be 
completed by the end of the sophomore year. 

The ^SC program is designed to expose the prospective teacher to the gamut 
of possible .exjReriences iSi a non threatening atmosphere. It treats both theory and 
practice in situations of gradually increasing responsibility. It appears fo be a suc- 
cessful prdgrpnrii Our graduates have been enthusiastically received and have found 
positions when gra^duates of other institutions haye been told none exist. 
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